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ABSTRACT

Background

Dry eye syndrome is a disorder of the tear film that is associated with symptoms of ocular discomfort. Punctal occlusion is a mechanical
treatment that blocks the tear drainage system in order to aid in the preservation of natural tears on the ocular surface.

Objectives

To assess the effects of punctal plugs versus no punctal plugs, different types of punctal plugs, and other interventions for managing dry
eye.

Search methods

We searched the Cochrane Central Register of Controlled Trials (CENTRAL) (which contains the Cochrane Eyes and Vision Trials Register)
(2016, Issue 11), MEDLINE Ovid (1946 to 8 December 2016), Embase.com (1947 to 8 December 2016), PubMed (1948 to 8 December
2016), LILACS (Latin American and Caribbean Health Sciences Literature Database) (1982 to 8 December 2016), the metaRegister of
Controlled Trials (mRCT) (www.controlled-trials.com; last searched 18 November 2012 - this resource is now archived), ClinicalTrials.gov
(www.clinicaltrials.gov; searched 8 December 2016), and the WHO International Clinical Trials Registry Platform (ICTRP) (www.who.int/
ictrp/search/en; searched 8 December 2016). We did not use any date or language restrictions in the electronic searches for trials. We
also searched the Science Citation Index-Expanded database and reference lists of included studies. The evidence was last updated on 8
December 2016

Selection criteria

We included randomized and quasi-randomized controlled trials of collagen or silicone punctal plugs in symptomatic participants
diagnosed with aqueous tear deficiency or dry eye syndrome.

Data collection and analysis

Two review authors independently assessed trial quality and extracted data. We contacted study investigators for additional information
when needed.

Main results

We included 18 trials (711 participants, 1249 eyes) from Austria, Canada, China, Greece, Japan, Mexico, Netherlands, Turkey, the UK, and
the USA in this review. We also identified one ongoing trial. Overall we judged these trials to be at unclear risk of bias because they were
poorly reported. We assessed the evidence for eight comparisons.

Punctal occlusion for dry eye syndrome (Review) 1
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Five trials compared punctal plugs with no punctal plugs (control). Three of these trials employed a sham treatment and two trials observed
the control group. Two trials did not report outcome data relevant to this review. There was very low-certainty evidence on symptomatic
improvement. The three trials that reported this outcome used different scales to measure symptoms. In all three trials, there was little or
no improvement in symptom scores with punctal plugs compared with no punctal plugs. Low-certainty evidence from one trial suggested
less ocular surface staining in the punctal plug group compared with the no punctal plug group however this difference was small and
possibly clinically unimportant (mean difference (MD) in fluorescein staining score -1.50 points, 95% CI -1.88 to -1.12; eyes = 61). Similarly
there was a small difference in tear film stability with people in the punctal plug group having more stability (MD 1.93 seconds more, 95%
C10.67 to 3.20; eyes = 28, low-certainty evidence). The number of artificial tear applications was lower in the punctal plug group compared
with the no punctal plugs group in one trial (MD -2.70 applications, 95% Cl -3.11 to -2.29; eyes = 61, low-certainty evidence). One trial with
low-certainty evidence reported little or no difference between the groups in Schirmer scores, but did not report any quantitative data
on aqueous tear production. Very low-certainty evidence on adverse events suggested that events occurred reasonably frequently in the
punctal plug group and included epiphora, itching, tenderness and swelling of lids with mucous discharge, and plug displacement.

One trial compared punctal plugs with cyclosporine (20 eyes) and one trial compared punctal plugs with oral pilocarpine (55 eyes). The
evidence was judged to be very low-certainty due to a combination of risk of bias and imprecision.

Five trials compared punctal plugs with artificial tears. In one of the trials punctal plugs was combined with artificial tears and compared
with artificial tears alone. There was very low-certainty evidence on symptomatic improvement. Low-certainty evidence of little or no
improvement in ocular surface staining comparing punctal plugs with artificial tears (MD right eye 0.10 points higher, 0.56 lower to 0.76
higher, MD left eye 0.60 points higher, 0.10 to 1.10 higher) and low-certainty evidence of little or no difference in aqueous tear production
(MD 0.00 mm/5 min, 0.33 lower to 0.33 higher)

Three trials compared punctal plugs in the upper versus the lower puncta, and none of them reported the review outcomes at long-term
follow-up. One trial with very low-certainty evidence reported no observed complications, but it was unclear which complications were
collected.

One trial compared acrylic punctal plugs with silicone punctal plugs and the trial reported outcomes at approximately 11 weeks of follow-
up (36 eyes). The evidence was judged to be very low-certainty due to a combination of risk of bias and imprecision.

Onetrial compared intracanalicular punctal plugs with silicone punctal plugs at three months follow-up (57 eyes). The evidence was judged
to be very low-certainty due to a combination of risk of bias and imprecision.

Finally, two trials with very low-certainty evidence compared collagen punctal plugs versus silicone punctal plugs (98 eyes). The evidence
was judged to be very low-certainty due to a combination of risk of bias and imprecision.

Authors' conclusions

Although the investigators of the individual trials concluded that punctal plugs are an effective means for treating dry eye signs and
symptoms, the evidence in this systematic review suggests that improvements in symptoms and commonly tested dry eye signs are
inconclusive. Despite the inclusion of 11 additional trials, the findings of this updated review are consistent with the previous review
published in 2010. The type of punctal plug investigated, the type and severity of dry eye being treated, and heterogeneity in trial
methodology confounds our ability to make decisive statements regarding the effectiveness of punctal plug use. Although punctal plugs
are believed to be relatively safe, their use is commonly associated with epiphora and, less commonly, with inflammatory conditions such
as dacryocystitis.

PLAIN LANGUAGE SUMMARY

Punctal plugs for dry eye syndrome

What is the aim of this review?
The aim of this Cochrane Review was to determine whether punctal plugs, which are inserted into the tear ducts to block tear drainage,
can treat dry eye syndrome. Cochrane review authors searched for all relevant studies and identified 18 clinical trials.

Key messages
Itis unclear whether punctal plugs are effective for treating dry eye syndrome. Punctal plugs may be associated with watery eyes, though
the evidence for this finding is weak.

What did we study in this review?

Dry eye is a common, chronic condition that affects millions of people around the world. Dry eye sufferers frequently experience burning,
foreign body sensation (something in the eye), and blurry vision, which lead them to seek medical care. The typical first-line treatment for
dry eye is over-the-counter artificial tears (eye drops). If these fail to relieve symptoms, persons with dry eyes may receive other treatment.
Punctal plugs are one type of advanced dry eye treatment; they work by blocking the tear ducts (puncta) of the upper and lower eyelids.
Punctal plugs come in several materials, shapes, and sizes.

What are the main results of the review?

Punctal occlusion for dry eye syndrome (Review) 2
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This review included 18 trials with 711 participants (1249 eyes), most of whom were women. The trials took place from March 1998 to May
2014 and included participants from Austria, Canada, China, Greece, Japan, Mexico, Netherlands, Turkey, the UK, and the USA. The 18 trials
differed greatly in design; they compared different types of punctal plugs and reported results in different ways.

The evidence from this review suggests that punctal plugs do not conclusively improve dry eye symptoms. No type of punctal plug used in
the trials we examined was significantly better than another for relieving symptoms of dry eye. It is still unclear if punctal plugs are better
than oral treatment (oral pilocarpine) or eye drops such as cyclosporine or artificial tears.

The evidence from this review suggests that punctal plugs may be associated with watery eyes and sometimes with more serious conditions
such as infection or swelling in the tear sac (part of the eye where tears drain).

The conclusions of this updated review are similar to the original review published in 2010, though 11 new trials were included.

How up-to-date is this review?
Cochrane review authors searched for trials that were published up to 8 December 2016.

Punctal occlusion for dry eye syndrome (Review) 3
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SUMMARY OF FINDINGS

Summary of findings for the main comparison. Summary of findings: punctal plugs versus no punctal plugs

Punctal plugs compared with no punctal plugs for dry eye syndrome

Patient or population: adults with dry eye syndrome

Settings: eye clinics

Intervention: silicone or collagen punctal plugs

Comparison: no punctal plugs (observation or sham treatment)

Outcomes Illustrative comparative risks* Relative effect  No of partici- Certainty of Comments
(95% Cl) (95% Cl) pants the evidence
(studies) (GRADE)
Assumed risk Corresponding
risk
No punctal Punctal plugs
plugs
Symptomaticimprove-  See comments See comments — 89 OO Mansour 2007 reported little or no difference
ment Very low a,b in Ocular and Oral Symptoms score, which
(2RCT) ranged from 0 to 10 points (MD -0.46 points,
Follow-up: long-term* 95% Cl -1.24 to 0.32; eyes = 26).
Alower score favors Nava-Castaneda 2003 reported a slight de-
punctal plugs crease in symptom score, assumed to range
from 0 to 105 points, but it does not seem to
be clinically important (MD -2.62 points, 95%
Cl-3.32t0-1.93; eyes =61).
Yung 2012 reported little or no difference in
dry eye symptom score, ranging from 0 to 3
points (MD -0.75 points, 95% CI -1.53 to 0.02;
eyes = 28)
Ocular surface staining  The mean fluo- ~ MD 1.50 lower — 61 OO -
rescein staining  than observation Low c.d
Follow-up: long-term* score was 1.70 group (1 RCT)

A higher value is less ad-
vantageous

(1.88t01.12
lower (better)
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aueiyds’o) =
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Both Rose Bengal and
fluorescein staining
scores ranged from 0 to
4, where 0 represented
no staining and 4 repre-
sented heavy staining

than observation
group)

Aqueous tear produc- See comments See comments 28 DO Yung 2012 did not provide quantitative data,
tion Low C.d but reported that "Schirmer values tended
(1RCT) to increase in the plug group after plug inser-
Follow-up: long-term tion; however, the changes did not reach sig-
nificance"
Ahigher value is more
advantageous
Tear film stability The mean tear MD 1.93 seconds 28 BDOO -
film stability longer than ob- Low a,b
Follow-up: 6 months was 2.34 sec- servation group (1RCT)
. . onds
A higher value is more (0.67 to 3.20 sec-
advantageous onds longer (bet-
ter) than observa-
tion group)
Artificial tear use The mean num-  MD 2.70 few- 61 2l ICIC) —
ber of applica- er applications Low €
Follow-up: long-term tions was 3.6 than observation (1RCT)
applications rou
Fewer applications fa- PP group
vors punctal plugs (3.11 t0 2.29 few-
er applications
than observation
group)
Adverse events See comments See comments 146 BOOO Slusser 1998: all adverse events occurred in
(4 RCT) Very low fg the punctal plug group, reported 23/28 par-

Follow-up: end of study

ticipants had epiphora, 3/28 participants re-
ported itching in area of plug placement, 1/28
participants had tenderness and swelling of
lids with mucous discharge.

Spontaneous plug loss occurred in 6/20 eyes
with silicone punctal plugs in the Mansour
2007.
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One or 31 participants receiving collagen and
silicone punctal plugs experienced epiphora
in the Nava-Castaneda 2003 study.

*The basis for the assumed risk is the control group risk across studies. The corresponding risk (and its 95% confidence interval) is based on the assumed risk in the com-
parison group and the relative effect of the intervention (and its 95% Cl).
Cl: confidence interval; RR: risk ratio; SMD: standardized mean difference; RCT: randomized controlled trial.

GRADE Working Group grades of evidence

High-certainty: further research is very unlikely to change our confidence in the estimate of effect.

Moderate-certainty: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low-certainty: further research is very likely to have an importantimpact on our confidence in the estimate of effect and is likely to change the estimate.
Very low-certainty: we are very uncertain about the estimate.

aDowngraded two levels for methodological heterogeneity.

bDowngraded one level for high risk of detection and attrition bias.

¢Downgraded one level for imprecision as indirectness of evidence because the confidence interval was either wide or clinically not important.
dDowngraded one level for high risk of attrition bias.

eDowngraded two levels for high risk of performance, detection, and attrition bias.

fDowngraded two levels for attrition bias.

9Downgraded one level for sparse and inconsistent data, particularly with respect to epiphora.

*We defined long-term follow-up as between two months and one year.

Summary of findings 2. Summary of findings: punctal plugs versus cyclosporine

Punctal plugs compared with cyclosporine for dry eye syndrome

Patient or population: adults with dry eye syndrome
Settings: eye clinics
Intervention: punctal plugs

Comparison: cyclosporine

Outcomes Illustrative comparative risks* (95% CI)  No of participants  Certainty of the Comments
(studies) evidence
Assumed risk Corresponding (GRADE)
risk
Cyclosporine Punctal plugs

Kieaqi (JF)
aueayrory \

‘yyeay 19199
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Symptomatic improve-
ment

Study investigators did not report this outcome at 2 weeks, 1 month, or long-term.

Ocular surface staining See comments See comments 20 OO0 The study investigators of Roberts 2007 stated:
Very low a,b "there was greater improvement in conjunctival
Follow-up: 6 months (1RCT) staining with cyclosporine or the combination than
with plugs alone." It was unclear whether Rose
Any value greater than ze- Bengal or fluorescein staining was used. Also,
rois abnormal
. the study investigators did not specify the time
Range.: 0 to4 p0|nt§; 0 - point and so we assumed that their statement ap-
no staining, 1= §ta|n|.ng plies for 1, 3, and 6 months follow-up.
of the nasal conjunctiva
only, 2 = staining of both
the nasal and temporal
conjunctiva, 3 = peripheral
corneal staining, 4 = cen-
tral corneal staining
Aqueous tear production  The mean change MD 0.80 mm/3 min 20 HOOO The study investigators of Roberts 2007 stated:
in aqueous tear higher than cy- (1 RCT) Very low a,b "There was a greater increase in Schirmer score

Follow-up: 6 months

Ahigher value is more ad-
vantageous

production was 1.5
mm/3 min lower
than baseline

closporine group

(0.74 lower (bet-
ter) to 2.34 high-
er (worse) than cy-
closporine group)

with plugs, either alone or in combination with cy-
closporine." The study investigators did not speci-
fy the for which time point and so we assumed that
their statement applies for 1, 3, and 6 months fol-
low-up.

Tear film stability

Follow-up: 6 months

Study investigators did not report this outcome at 2 weeks, 1 month, or long-term.

Artificial tear use
Follow-up: 6 months
range: 1-5 applications

Fewer applications favors
punctal plugs

The mean change
in number of appli-
cations from base-
line was 3.2 more
applications than
baseline

MD 1.10 applica-
tions more than
baseline

(0.04 fewer to 2.24
more applications
than cyclosporine

group)

The study investigators of Roberts 2007 stated:
"decreased frequency of artificial tears was great-
est for combination therapy and least for punctal
plugs." The study investigators did not specify the
for which time point and so we assumed that their
statement applies for 1, 3, and 6 months follow-up.

Adverse events

Follow-up: end of study

See comments

See comments

20 000
(LRCT) Very low a,b
22 ©000
(1RCT) Very low a,b

Roberts 2007 reported 1/11 participants experi-
enced plug displacement in the plug group, while
1/11 participants experienced a burning sensation
in the cyclosporine group.

Kieaqi (JF)
aueayrory \

‘yyeay 19199
*SUOISII3P pawioju]
*32UBPINS pashiL

SM3IADY J13BWSISAS JO seqeleq auelyd0)



“p¥7 ‘suos 13 A31IM uyor Aq paysiignd ‘uoneioqe|jod auedyd0) 3y L 107 @ y3uAdod

(ma1nay) awoapuAs 93 Aip 10j uoisn)r10 jeound

*The basis for the assumed risk is the control group risk across studies. The corresponding risk (and its 95% confidence interval) is based on the assumed risk in the com-

parison group and the relative effect of the intervention (and its 95% ClI).
Cl: confidence interval; RR: risk ratio; RCT: randomized controlled trial.

GRADE Working Group grades of evidence
High-certainty: further research is very unlikely to change our confidence in the estimate of effect.

Moderate-certainty: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.

Low-certainty: further research is very likely to have an importantimpact on our confidence in the estimate of effect and is likely to change the estimate.

Very low-certainty: we are very uncertain about the estimate.

aDowngraded one level for imprecision of results (wide confidence intervals).
bbowngraded two levels for high risk of detection, performance, attrition, and other bias.
*We defined long-term follow-up as between two months and one year.

Summary of findings 3. Summary of findings: punctal plugs versus oral pilocarpine

Punctal plugs compared with oral pilocarpine for dry eye syndrome

Patient or population: adults with dry eye syndrome
Settings: eye clinics
Intervention: punctal plugs

Comparison: oral pilocarpine

Outcomes Illustrative comparative risks* (95% ClI) Relative effect  No of eyes Certainty of Comments
(95% CI) (studies) the evidence
Assumed risk Corresponding risk (GRADE)
Oral pilocarpine Punctal plugs
Symptomatic improve- 897 per 1000 619 per 1000 RR0.69 55 B0 -
ment (1RCT) Very low a,b
(439 to 852) (0.49 to 0.95)

Follow-up: 3 months

The study investigators de-
fined improvements in sub-
jective ocular symptoms

as an improvement of >55
mm for responses to the eye
questionnaire on a 100 mm
visual analog scale.
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ARR less than one favors
punctal plugs.

Ocular surface staining The mean change in Rose MD 0.10 higher (worse) than oral 55 @000 —
Bengal staining score was  pilocarpine group (1LRCT) Very low a,b
Follow-up: 3 months 1.00 lower (better) than
) ) baseline in the right eye (0.56 lower (better) to 0.76 high-
A highervalue is less advan- er (worse) than oral pilocarpine
tageous group)
Range: van sust.erveld The mean changein Rose ~ MD 0.60 higher (worse) than oral 55 2lolCIC) —
schema, which is on a scale . . .
of 0to 9 points Bengal staining score was  pilocarpine group (1LRCT) Very low a,b
1.10 lower (better) than
baseline in the left eye (0.10 to 1.10 higher (worse) than
oral pilocarpine group)
Aqueous tear production The mean changein aque-  MD 0.10 mm/5 min lower (worse) 55 BEOO —
ous tear production was than oral pilocarpine group (1LRCT) Very low a,b
Follow-up: 3 months 0.30 mm/5 min higher
) (better) than baseline in (0.53 mm/5 min lower (worse) to
Ahighervalue more advan- 4 right eye 0.33 mm/5 min higher (better)
tageous than oral pilocarpine group)
The mean changein aque-  MD 0.50 mm/5 min lower (worse) 55 —
ous tear production was than oral pilocarpine group (1LRCT)
1.2 mm/5 min higher (bet-
ter) than baseline in the (1.06 mm/5 min lower (worse) to
left eye 0.06 mm/5 min higher (better)
than oral pilocarpine group)
Tear film stability Study investigators did not report this outcome.
Artificial tear use Study investigators did not report this outcome.
Adverse events See comments See comments 55 @000 Tsifetaki 2003
(1RCT) Very low a,b reported: "com-

Follow-up: 3 months

monly report-
ed adverse
events were
headache, in-
creased sweat-
ing,nausea,
and vomiting in
the pilocarpine
group, while 1
patientin the
inferior puncta
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occlusion group
had blepharitis
and was with-
drawn from the
study." pg 1204

*The basis for the assumed risk is the control group risk across studies. The corresponding risk (and its 95% confidence interval) is based on the assumed risk in the com-

parison group and the relative effect of the intervention (and its 95% Cl).
Cl: confidence interval; RR: risk ratio; RCT: randomized controlled trial

GRADE Working Group grades of evidence
High-certainty: further research is very unlikely to change our confidence in the estimate of effect.

Moderate-certainty: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.

Low-certainty: further research is very likely to have an importantimpact on our confidence in the estimate of effect and is likely to change the estimate.

Very low-certainty: we are very uncertain about the estimate.

aDowngraded two levels for high risk of performance and detection bias as the participant and outcome assessors were not masked to the treatment groups and the self-reported

symptomatic improvement might be biased.

bDowngraded one level for imprecision as the confidence interval is either wide or clinically not important.
*We defined long-term follow-up as between two months and one year.

Summary of findings 4. Summary of findings: punctal plugs versus artificial tears

Punctal plugs compared with artificial tears for dry eye syndrome

Patient or population: adults with dry eye syndrome
Settings: eye clinics
Intervention: punctal plugs

Comparison: artificial tears

Outcomes Illustrative comparative risks* (95% Cl) Relative effect  No of eyes Certainty of Comments
(95% Cl) (studies) the evidence
Assumed risk Corresponding risk (GRADE)
Artificial tears Punctal plugs
Symptomatic improvement 286 per 1000 654 per 1000 RR2.29 54 B0 -
Very low a,b,c
Follow-up: 3 months (343 to 1000) (1.2t0 4.38) (LRCT)

The study investigators defined
improvements in subjective ocu-
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lar symptoms as an improvement

The mean sympto- SMD 0.88 lower (better) thanar- — 130
of >55 mm for responses to the . g
. . matic improvement tificial tears group
eye questionnaire on a 100 mm s e o 146 (2 RCTs)
visual analog scale. t0 26.92 (1.24 t0 0.51 lower (better) than
ARR greater than one favors el s (U )
punctal plugs.
Both studies used different symp-
tomatic improvement score; one
study used the Ocular Surface
Disease Index that ranged from
0 points = never to 4 points = all
the time. The second study use
the sum of scores for dryness, for-
eign body sensation, and visual
fatigue; each score had a differ-
ent range, but a higher score cor-
responded to more symptoms.
Ocular surface staining The mean change in MD 0.10 points higher (worse) — 55 300
Rose Bengal staining than artificial tears group (1 RCT) Low d
Follow-up: 3 months score was 1.0 point
lower (better) than (0.56 lower (better) to 0.76
Range: 0 = absent; 1=trace; 2= baseline in the right higher (worse) than artificial
mild; 3=moderate; 4 = eye tears group)
severe
The mean change in MD 0.60 points higher (worse) — 55
A higher value is worse Rose Bengal staining than artificial tears group (1 RCT)
score was 1.1 lower
(better) than baseline (0.10 to 1.10 higher (worse)
in the left eye than artificial tears group)
Aqueous tear production The mean change in MD 0.00 mm/5 min higher (bet- — 54 SPOO
aqueous tear produc- ter) than artificial tears group (1LRCT) Low G.€
Follow-up: long-term* tion was 0.2 mm/5 min
) ) higher (better) than (0.33 mm/5 min lower (worst)
A higher value is more advanta- baseline in the right to 0.33 mm/5 min higher (bet-
geous eye ter) than artificial tears group)
The mean change in MD 0.10 mm/5 min higher (bet- — 54
aqueous tear produc- ter) than artificial tears group (1LRCT)

tion was 0.6 mm/5 min
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higher (better) than
baseline in the left eye

(0.35 mm/5 min lower (worst)
to 0.55 mm/5 min higher (bet-
ter) than artificial tears group)

The mean aqueous MD 2.16 mm/ 5 min higher (bet- — 130 —
tear production ranged  ter)
from 4.89 to 8.95 mm/ (2RCTs)
5 min (1.41 t0 2.90 mm/ 5 min high-
er (better) than artificial tears
group)
Tear film stability The mean tear film sta-  MD 1.02 seconds longer (better) — 130 o e) —
bility ranged from 3.24  than artificial tears group (2 RCT) Moderate ¢
Follow-up: long-term* to 6 seconds
(0.60 to 1.44 seconds longer
Ahigher value is more advanta- (better) than artificial tears
geous group)
Artificial tear use Outcome not relevant to this comparison
Adverse events (punctate ep- 375 per 1000 499 per 1000 RR1.33(0.57to 54 BDOO Tsifetaki 2003
ithelial keratopathy) 3.12) (LRCT) Low a.C reported: "four
(214 to 1000) patients had

Follow-up: end of study

mild headache,
of whom three
also presented
with nausea,
vomiting, and
sweating" (p
1205) and "one
patientin the
inferior puncta
occlusion group
had blepharitis
and was with-
drawn from the
study" (p 1204)

*The basis for the assumed risk is the control group risk across studies. The corresponding risk (and its 95% confidence interval) is based on the assumed risk in the com-

parison group and the relative effect of the intervention (and its 95% ClI).
Cl: confidence interval; RR: risk ratio; RCT: randomized controlled trial

GRADE Working Group grades of evidence

High-certainty: further research is very unlikely to change our confidence in the estimate of effect.

Moderate-certainty: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low-certainty: further research is very likely to have an importantimpact on our confidence in the estimate of effect and is likely to change the estimate.
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Very low-certainty: we are very uncertain about the estimate.

aDowngraded two levels for high risk of performance and detection bias as participants and outcome assessors were unmasked to the assigned treatment group and might
influence the self-reported symptomatic improvement.

bDowngraded one level for high unexplained statistical heterogeneity or inconsistent results.

cDowngraded one level for imprecision of results as the confidence interval was either wide or clinically not important.

dDowngraded two levels for imprecision of results as the confidence interval was wide and clinically not important.

eDowngraded for inconsistent results.

*We defined long-term follow-up as between two months and one year.

Summary of findings 5. Summary of findings: punctal plugs in the upper versus lower puncta

Punctal plugs occluded in the upper puncta compared with the lower puncta for dry eye syndrome

Patient or population: adults with dry eye syndrome
Settings: eye clinics
Intervention: punctal plugs occluded in the upper puncta

Comparison: punctal plugs occluded in the lower puncta

Outcomes Illustrative comparative risks* Relative effect  No of eyes Certainty of Comments
(95% CI) (95% CI) (studies) the evidence
(GRADE)

Assumed risk Corresponding
risk

Lower puncta Upper puncta

Symptomatic improvement Study investigators did not report this outcome.

Follow-up: long-term*

Ocular surface staining Study investigators did not report this outcome.

Follow-up: long-term*

Aqueous tear production Study investigators did not report this outcome.

Follow-up: long-term*

Tear film stability Study investigators did not report this outcome.
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Follow-up: long-term*

Artificial tear use Study investigators did not report this outcome.

Adverse events See comments See comments See comments 40 [slelele) Chen 2010 reported "no complica-
(1LRCT) Very low a.b tion was observed in dry eye pa-
tients or control subjects during the
period of this study." It is unclear
which complications were collect-
ed.

*The basis for the assumed risk is the control group risk across studies. The corresponding risk (and its 95% confidence interval) is based on the assumed risk in the com-
parison group and the relative effect of the intervention (and its 95% ClI).
Cl: confidence interval; RR: risk ratio; RCT: randomized controlled trial

GRADE Working Group grades of evidence

High-certainty: further research is very unlikely to change our confidence in the estimate of effect.

Moderate-certainty: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low-certainty: further research is very likely to have an importantimpact on our confidence in the estimate of effect and is likely to change the estimate.
Very low-certainty: we are very uncertain about the estimate.

aDowngraded one level for potential bias as there was unclear risk of selection, performance, detection, attrition, and reporting bias.
bDowngraded one level for imprecision of results as the confidence interval was wide.
*We defined long-term follow-up as between two months and one year.

Summary of findings 6. Summary of findings: acrylic versus silicone punctal plugs

Acrylic punctal plugs compared with silicone punctal plugs for dry eye syndrome

Patient or population: mostly women with dry eye syndrome
Settings: eye clinics
Intervention: acrylic punctal plugs

Comparison: silicone punctal plugs

Outcomes Illustrative comparative risks* (95% Cl) Relative effect  No of eyes Certainty of Comments
(95% Cl) (studies) the evidence
Assumedrisk  Corresponding risk (GRADE)

Silicone punc-  Acrylic punctal plugs
tal plugs
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Symptomatic improve- The mean MD 0.90 points higher than silicone punctal 36 ICIolC) -
ment symptomatic plug group (1 RCT) Very low a,b
improvement
Follow-up: 11 weeks score was 21.9 (6.94 points lower than silicone punctal
) points plug group to 8.74 points higher than sili-
Range: 0 to 70 points cone punctal plug group)
Avisual analog scales 10
cm in length for seven
symptoms: dryness, gritti-
ness, foreign body sensa-
tion, pain, stinging, burn-
ing, and itching was used.
A lower score favors
acrylic punctal plugs
Ocular surface staining The mean fluo- ~ MD 0.43 points higher (worst) than silicone 36 BOOO —
rescein staining  punctal plug group (1 RCT) Very low a,b
Follow-up: 11 weeks score was 1.63
] ) points (1.61 lower (better) than silicone punctal
Ahigher value s less ad- plug group to 2.47 higher (worse) than sili-
vantageous cone punctal plug group)
Range: 0 to 3 points The mean Rose  MD 0.45 points higher (worst) than silicone -
Bengal staining  punctal plug group
score was 0.55
points (0.09 lower (better) than silicone punctal
plug group to 0.99 higher (worst) than sili-
cone punctal plug group)
Aqueous tear production The mean MD 1.07 mm/5 min higher than silicone 36 ICIolC) Authors did not
aqueous tear punctal plug group (1LRCT) Very low a,b report the time
Follow-up: 11 weeks production was interval in which
) ) 3.8 mm/5 min (1.62 lower than silicone punctal plug group the Schirmer's
A higher value is more ad- to 3.76 higher than silicone punctal plug test 1 without
vantageous group) anesthesia was
performed. We
assumed it was
done over 5 min-
utes.
Tear film stability The mean tear MD 0.36 seconds longer than silicone punc- 36 DEOO —
film stability tal plug group (1RCT) Very low 2.b

Follow-up: 11 weeks

was 3.5 seconds
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(1.22 seconds shorter than silicone punc-
tal plug group to 1.94 longer than silicone
punctal plug group)
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Follow-up: 11 weeks

Artificial tear use The mean num-  MD 0.11 more applications than silicone 36 DEOO —
ber of applica- punctal plug group (1 RCT) Very low a,b
Follow-up: 11 weeks tions was 4.67
o applications (2.32 fewer applications than silicone punc-
Range: 1-5 applications tal plug group to 2.54 more applications
than silicone punctal plug grou

Fewer applications favors P plug group)

punctal plugs

Adverse events See comments See comments 36 BOOO 1 acrylic punc-
(LRCT) Very low a,b tal plug partici-

pant experienced
epiphora, 1sil-
icone punctal
plug participant
experienced in-
termittent ocu-
lar irritation, and
2 siliconeand 1
acrylic punctal
plug participants
experienced tem-
porary foreign
body sensation.

*The basis for the assumed risk is the control group risk across studies. The corresponding risk (and its 95% confidence interval) is based on the assumed risk in the com-
parison group and the relative effect of the intervention (and its 95% ClI).
Cl: confidence interval; RR: risk ratio; RCT: randomized controlled trial.

GRADE Working Group grades of evidence
High-certainty: further research is very unlikely to change our confidence in the estimate of effect.

Moderate-certainty: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low-certainty: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low-certainty: we are very uncertain about the estimate.

91T

aDowngraded two levels for imprecision of results (wide confidence intervals).
bbowngraded one level for risk of bias as selection, attrition and reporting bias were judged to be unclear.
*We defined long-term follow-up as between two months and one year.
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Summary of findings 7. Summary of findings: intracanalicular versus silicone punctal plugs

Intracanalicular punctal plugs compared with silicone punctal plugs for dry eye syndrome

Patient or population: adults with dry eye syndrome

Settings: eye clinics

Intervention: intracanalicular punctal plugs

Comparison: silicone punctal plugs

Outcomes Illustrative comparative risks* (95% ClI) Relative effect  No of eyes Certainty of Comments
(95% Cl) (studies) the evidence
Assumed risk Corresponding risk (GRADE)
Silicone punctal Intracanalicular punctal
plugs plugs
Symptomatic improvement The mean symp- The mean difference in symp- — 57 B0 -
tomatic improve- tomatic improvement was (1 RCT) Very low a,b
Follow-up: 3 months ment was 38.5 3.10 points lower (14.97 lower
oints to 8.77 higher
Subjective dry eye symptoms for each P gher)
eye was reported; investigators mea-
sured soreness, scratching, grittiness,
dryness and/or burning using a 100
mm visual analog scale (VAS; 0 mm =
no symptoms, 100 mm = maximum in-
tensity)
Ocular surface staining The mean Rose MD 0.20 higher than observa-  — 57 ®000 —
Bengal staining tion group (1 RCT) Very low a,b
Follow-up: 3 months score was 3.0
(0.71 lower to 1.11 higher
Ahigher value is less advantageous than silicone punctal plugs
rou
Range: 0 to 3 points; 0 = no staining group)
and 3 = most intense stainin
! ining The mean fluores- MD 0.40 points higher than — 57 —
cein staining score  observation group (1LRCT)

was 0.7 points

(0.04 lower to 0.84 higher
than silicone punctal plugs

group)

Aqueous tear production

Study investigators did not report this outcome.
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Follow-up: 3 months

Tear film stability Study investigators did not report this outcome.

Follow-up: 3 months

Artificial tear use The mean artificial ~ MD 1.30 fewer applications — 57 OO —
tear use was 6.4 (1RCT) Very low a,b
Follow-up: 3 months (4.04 fewer to 1.44 more ap-
plications)
Fewer applications favors intracanalic-
ular plugs
Adverse events Study investigators did not report on adverse events.

*The basis for the assumed risk is the control group risk across studies. The corresponding risk (and its 95% confidence interval) is based on the assumed risk in the com-

parison group and the relative effect of the intervention (and its 95% ClI).
Cl: confidence interval; RR: risk ratio; RCT: randomized controlled trial

GRADE Working Group grades of evidence
High-certainty: further research is very unlikely to change our confidence in the estimate of effect.

Moderate-certainty: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.

Low-certainty: further research is very likely to have an importantimpact on our confidence in the estimate of effect and is likely to change the estimate.

Very low-certainty: we are very uncertain about the estimate.

aDowngraded two levels for imprecision of results (wide confidence intervals).
bDowngraded one level for high risk of attrition bias.
*We defined long-term follow-up as between two months and one year.

Summary of findings 8. Summary of findings: collagen versus silicone punctal plugs

Collagen punctal plugs compared with silicone punctal plugs for dry eye syndrome

Patient or population: adults with dry eye syndrome
Settings: eye clinics
Intervention: collagen punctal plugs

Comparison: silicone punctal plugs

Outcomes Illustrative comparative risks* (95% ClI) Relative effect
(95% Cl)

Assumed risk Corresponding risk

No of eyes
(studies)

Certainty of
the evidence
(GRADE)

Comments
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Silicone punctal
plugs

Collagen punctal plugs

Symptomatic improvement The mean symp- MD 0.81 higher than silicone 50 DEOO —
tomatic improve- punctal group Very low a,b
Follow-up: 3 months ment score was (1 RCT)
) 0.25 points (2.94 lower to 4.56 higher than
The Canadian Dry Eye Assessment silicone punctal group)
range from 0 to 48 points; where
less than 5 points was normal, 5 to
15 points was mild, 20 to 25 points
was moderate, 30 to 48 points was
severe.
Ocular surface staining The mean fluores- MD 0.76 lower than silicone 50 B®EOO —
cein stain score punctal group Very low a.b
Follow-up: 3 months was 2.00 (1RCT)
) (18.5 lower to 17.0 higher than
Range: 0 to 15 points silicone punctal group)
Ahigher value is less advantageous
Aqueous tear production The mean aqueous  MD 0.67 mm/5 min higher than 50 BOOO Authors did not
tear production silicone punctal group Very low a,b report the time
Follow-up: 3 months was 16.89 mm/5 (1RCT) interval in which
) ] min (17.28 lower to 18.62 higher the Schirmer's
Ahigher value is more advanta- than silicone punctal group) test 1 without
geous anesthesia was
performed. We
assumed it was
done over 5 min-
utes.
Tear film stability The mean tear film  MD 0.21 seconds higher than 50 lelelo) —
stability was 4.67 silicone punctal group Very low a,b
Follow-up: 3 months seconds (1.81 lower to 2.23 higher than (1RCT)
Ahigher value is more advanta- silicone punctal group)
geous
Artificial tear use The mean number MD 0.06 fewer applications 50 SPOO -
of artificial tear ap- Low @
Follow-up: 3 months plications was 1.34 (0.23 fewer to 0.12 more appli- (LRCT)

Fewer applications favors collagen
punctal plugs

applications

cations than silicone punctal
group)
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(114

Adverse events See comments See comments See comments 98 BOOO Both studies re-
Very low 2,b ported that none
Follow-up: end of study (2RCT) of the partici-

pants developed
adverse events or
complications re-
lated to punctal

plugs.

*The basis for the assumed risk is the control group risk across studies. The corresponding risk (and its 95% confidence interval) is based on the assumed risk in the com-
parison group and the relative effect of the intervention (and its 95% ClI).
CI: confidence interval; RR: risk ratio; RCT: randomized controlled trial.

GRADE Working Group grades of evidence

High-certainty: further research is very unlikely to change our confidence in the estimate of effect.

Moderate-certainty: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low-certainty: further research is very likely to have an importantimpact on our confidence in the estimate of effect and is likely to change the estimate.
Very low-certainty: we are very uncertain about the estimate.

aDowngraded two levels for imprecision of results as the confidence interval was wide and clinically not important.
bbowngraded one level for risk of bias as risk of bias as we judged selection, performance, detection, attrition, and reporting bias to be unclear.
*We defined long-term follow-up as between two months and one year.

feaqny £1
aueiyds’o) =

‘yyeay 19199
*SUOISII3P pawioju]

SM3IADY J13BWSISAS JO seqeleq auelyd0)

*33UaPIAS parshaL



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

BACKGROUND

Description of the condition

Dry eye syndrome, or keratoconjunctivitis sicca, is defined as
"a disorder of the tear film due to tear deficiency or excessive
tear evaporation which causes damage to the interpalpebral
ocular surface and is associated with symptoms of ocular
discomfort" (Lemp 1995; Lemp 1998; Pflugfelder 2000). Dry eye
affects 10% to 20% of adults, with 1 million to 4 million affected
adults aged 65 to 84 in the USA (AAO 2003; Schein 1997b).
Investigators have also estimated dry eye prevalence in Sweden
(15%), India (18.4%), Australia (8.6% to 16.3%), and Indonesia
(27.5%) (Lee 2002; Lemp 1998; McCarty 1998; Sahai 2005). The
condition has been associated with age, sex, Sjogren's syndrome,
arthritis, diabetes, corneal transplants, multivitamin use, laser in
situ keratomileusis (LASIK), and photorefractive keratectomy (PRK)
(Dalzell 2003; De Paiva 2006; Dew 2007; Moss 2000). Symptoms may
include redness, burning, itchiness, foreign body sensation, and
in severe cases corneal ulceration and bacterial infection (Lemp
1998; Sheppard 2003; Wilson 2003). Assessments of ocular surface
damage and measures of tear stability and hyperosmolarity also aid
the diagnosis of dry eye syndrome (Lemp 1995). Due to a lack of
correlation among self-reported symptoms and clinical measures,
itis difficult to diagnose dry eye precisely (Lemp 1995; Nichols 2004;
Schein 1997a).

Artificial tears, the typical initial treatment for patients with dry
eye, hydrate the eye and provide short-term symptomatic relief for
affected individuals (Pucker 2016). Preservative-free artificial tears
are preferable for long-term use because preserved formulations
may be toxic to the cornea and conjunctival epithelium
(Lemp 1994; Pflugfelder 2000; Pucker 2016). Interventions such
as bandage contact lenses (physical coverage of the ocular
surface), estrogens (hormone replacement), topical corticosteroids
(general immunosuppressant), cyclosporine (immunosuppressant
agent that decreases T-cell production), pilocarpine (cholinergic
parasympatheticomimetic agonist), and punctal plugs (lacrimal
drainage occlusion device) also have been shown to be effective
treatments in selected settings (DEWS 2007a; Freeman 1975;
Jehangir 2016 Lemp 1994; Pflugfelder 2000; Sall 2000; Sheppard
2003; Wilson 2003).

Description of the intervention

Punctal occlusion is a non-pharmacological intervention for dry
eye when artificial tears do not ameliorate symptoms (Balaram
2001; Freeman 1975; Willis 1987). Semi-permanent silicone or
temporary collagen punctal plugs are inserted into the upper,
lower, or both puncta of the affected eye(s) (Lemp 1994). Collagen
plugs dissolve within four to seven days, while silicone plugs either
dislodge spontaneously or are removed by a physician. Clinicians
typically prescribe the silicone punctal plugs after an affected
patient has found symptomatic relief with the collagen punctal
plugs (Altan-Yaycioglu 2005). Thermal cautery or argon laser
achieves permanent occlusion of the puncta (AAO 2003; Dohlman
1978; Lemp 1994). Similar to punctal occlusion, intracanalicular
plugs also block tear drainage, though they act by blocking the
canaliculus instead of the punctum (Jehangir 2016).

How the intervention might work

Punctal plugs are believed to block tear drainage by occluding the
puncta. Blockage is subsequently thought to aid in the preservation

of natural tears and to improve the quality and quantity of the tear
film. (Barnard 1996; Dohlman 1978; Tai 2002). The most common
side effects of occlusion are epiphora (overflow of tears), inhibited
tear clearance, and desensitization of the corneal surface (Lemp
1994; Sheppard 2003; Tai 2002).

Why it is important to do this review

An updated systematic review examining the efficacy of punctal
occlusion, specifically punctal plugs, for managing dry eye is
necessary. There was appreciable variability in the interventions
and study designs of the trials included in the previous systematic
review thus precluding quantitative syntheses. The effectiveness
of punctal plugs for treating dry eye has not yet been established.
This review summarizes the best available evidence for the use of
punctal occlusion in the treatment of dry eye.

OBJECTIVES

To assess the effects of punctal plugs versus no punctal plugs,
different types of punctal plugs, and other interventions for
managing dry eye. This is an update to a Cochrane Review initially
published in 2010 (Ervin 2010).

METHODS

Criteria for considering studies for this review
Types of studies

We selected only randomized and quasi-randomized controlled
clinical trials for inclusion in this review. We considered studies to
be quasi-randomized if the investigators did not use randomization
to allocate participants to treatment groups but used techniques
intended to allocate patients in an unbiased fashion. Some
examples include allocation based on the day of the week, year of
birth, or hospital admission number.

Types of participants

We included symptomatic participants who were diagnosed with
aqueous tear deficiency or keratoconjunctivitis sicca (dry eye
syndrome). There were no restrictions with respect to age, sex,
comorbidities, or use of adjunctive therapy.

Types of interventions

We considered clinical trials comparing occlusion of the lower or
upper punctum or upper and lower puncta with collagen versus
silicone punctal plugs and studies comparing these plugs to other
treatments such as artificial tears, pilocarpine, cyclosporine, or
diathermy (use of electrodes to heat and contract punctal tissues).
We also considered clinical trials using collagen or silicone plugs
in conjunction with adjunctive therapies such as artificial tears, as
well as trials comparing occlusion versus no treatment, placebo, or
sham treatments.

Types of outcome measures
Primary outcomes

The primary outcome was subjective report of symptomatic
improvement in dry eye symptoms such as burning and grittiness
and other symptoms as defined by included studies at the long-
term follow-up visit (2-12 months).
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Secondary outcomes

We included secondary outcomes assessed post-treatment or at
other reported time points in this review.

« Ocular surface staining, as defined by the mean change
in total Rose Bengal score from baseline to follow-up. We
reported change in fluorescein and lissamine green scores
where appropriate.

o Aqueous tear production, as measured by the mean change
in Schirmer | test scores (mm). We included Schirmer | tests
performed with anesthesia and Schirmer Il tests without
anesthesia.

« Tear film stability, as measured by the mean change in tear film
break-up time (seconds).

« Change in the frequency of artificial tear use, as defined by
included studies.

Follow-up

We assessed the secondary outcomes at two weeks, four weeks,
and at long-term follow-up. We considered follow-up at 12 to 16
days to be two weeks follow-up. We also considered follow-up
between 26 to 30 days to be four weeks follow-up. We defined long-
term follow-up as between two months and one year.

Adverse outcomes

We reported adverse outcomes such as epiphora, corneal ulcers,
and plug extrusion (total or partial displacement of the punctal
plug) where appropriate. We summarized other adverse outcomes
reported in included studies.

Search methods for identification of studies
Electronic searches

The Cochrane Eyes and Vision Information Specialist conducted
systematic searches in the following databases for randomized
controlled trials and controlled clinical trials. There were no
language or publication year restrictions. The date of the search
was 8 December 2016.

« Cochrane Central Register of Controlled Trials (CENTRAL; 2016,
Issue 11) (which contains the Cochrane Eyes and Vision Trials
Register) in the Cochrane Library (searched 8 December 2016)
(Appendix 1);

o MEDLINE Ovid (1946 to 8 December 2016) (Appendix 2);

« Embase.com (1947 to 8 December 2016) (Appendix 3);

o PubMed (1948 to 8 December 2016) (Appendix 4);

e LILACS (Latin American and Caribbean Health Science
Information database (1982 to 8 December 2016) (Appendix 5);

« metaRegister of Controlled Trials (mRCT) (www.controlled-
trials.com; last searched 18 November 2012- this resource is now
archived) (Appendix 6);

« US National Institutes of Health Ongoing Trials Register
ClinicalTrials.gov (www.clinicaltrials.gov; searched 8 December
2016) (Appendix 7);

« World Health Organization International Clinical Trials Registry
Platform (www.who.int/ictrp; searched 8 December 2016)
(Appendix 8).

In 2016, we revised the searches of electronic databases from the
2010 publication of the original version of this review.

Searching other resources

We searched reference lists of included studies to identify any
additional inclusions. We also used the Science Citation Index-
Expanded database to identify studies that may have cited trials
included in this review on 8 December 2016. We did not handsearch
conference proceedings or journals.

Data collection and analysis
Selection of studies

Two review authors independently reviewed titles and abstracts
resulting from the literature searches according to the inclusion
criteria stated above. We classified the abstracts as 'definitely
exclude', 'unsure,' or 'definitely include'. We retrieved the full-text
reports corresponding to abstracts classified as 'definitely include'
or 'unsure' by either review author and re-assessed the study
for inclusion. We contacted the authors of studies classified as
'unsure' for further information, as required, after examining the
full report. We resolved disagreements through discussion. We
excluded studies labeled as 'exclude' by both review authors from
the review and documented the reasons for exclusion. We assessed
studies labeled 'definitely include' for methodological quality.

Data extraction and management

Two review authors independently extracted data using a form
developed by Cochrane Eyes and Vision, resolving discrepancies by
discussion. One review author entered data into Review Manager 5
(RevMan 5) and a second author verified all values entered (Review
Manager 5 2014). When quantitative data were not available, we
abstracted data from graphs using GetData Graph Digitalizer.

Assessment of risk of bias in included studies

Two authors independently assessed the included studies for
sources of systematic bias according to the guidelines in Chapter 8
of the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2011a). We evaluated the studies for the following
criteria: sequence generation and allocation concealment before
assignment (selection bias), masking of outcome assessors
(detection bias), incomplete outcome data (attrition bias), selective
outcome reporting (reporting bias), and other sources of bias. We
reported the judgment for each criterion as 'yes (low risk of bias)’,
'no (high risk of bias)' or 'unclear (information is insufficient to
assess)".

We reported the adequacy of sequence generation and allocation
concealment before assignment. Methods of sequence generation
considered to be at low risk of bias include references to random
number tables or computer generated random numbers and coin
tosses. We considered any method of allocation concealment that
provided reasonable confidence that the allocation sequence was
concealed from participating physicians and patients to confer
low risk of bias, for example centralized randomization or use of
sequentially numbered opaque envelopes.

We noted masking of outcome assessors by individual study
outcomes. Masking of investigators and participants would not
have been possible with the interventions being compared in some
studies, but we noted it where mentioned.

For incomplete outcome data, we examined rates of follow-up,
reasons for loss to follow-up and analysis by the principle of
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intention-to-treat (ITT). We assessed whether follow-up rates for
treatment and control arms were similar and whether data were
missing for outcomes of interest. We considered studies to be
at low risk of bias when there were no missing data and no
participants for whom outcome data were not reported, and where
all participants, including those who received some or none of the
allocated treatment, were included in the analyses of outcomes.
We noted the method of data imputation, when appropriate, for
included studies.

We considered studies to be at low risk of bias for selective outcome
reporting whenever all pre-specified outcomes of interest in the
protocol or register record were consistent with the outcomes
specified in the published report.

We examined included studies for other sources of bias and
considered studies at low risk of bias when there was no evidence
of research misconduct or potential for bias based on study
methodology, or when the study was not stopped early due
to evidence of harm or benefit. When available, we used trial
registration records, source(s) of funding, or conflicts of interest to
identify other potential sources of bias.

We resolved disagreements through discussion. We contacted
the authors of the studies for additional information on issues
that were unclear from the study report. In case of failure to
communicate with the primary investigators, or if no response was
received within six weeks, we assessed the methodological quality
on the basis of the available information.

Measures of treatment effect

We calculated a summary risk ratio for dichotomous outcomes
including the primary outcome of symptomatic improvement and
reports of adverse events. We verified normality of distributions
of continuous outcome data and calculated mean differences for
secondary outcomes as follows: mean change in Rose Bengal,
fluorescein, and lissamine green staining scores, mean change in
tear production as measured by the Schirmer I/Schirmer Il test, and
mean change in tear film break-up time.

Unit of analysis issues

We reported the unit of analysis for the included studies in the
Results section (Included studies). We did not include cross-over
trials, but if we identify eligible cross-over trials for inclusion in
a subsequent update, we will attempt to extract data from the
study reports or request data from the investigators to account
appropriately for the study design. If we are unable to retrieve these
data, we will incorporate statistical techniques to approximate
a paired analysis as outlined in Chapter 16.4 of the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011b).

Dealing with missing data

We contacted primary authors of included studies to obtain missing
or unclearly reported information such as details regarding study
methods, standard deviations not reported with mean values, and
data required for an ITT analysis. Whenever there was no response
from the primary authors within six weeks, we imputed data where
possible using available information such as P values or confidence
intervals. We describe the assumptions we made during imputation
where appropriate.

Assessment of heterogeneity

We assessed statistical, methodological, and clinical heterogeneity.
When including additional studies to this update, we computed
the 12 statistic (%) to determine statistical heterogeneity, that
is, the proportion of variation due to heterogeneity among
effect estimates from individual studies in a meta-analysis. We
considered an 12 value larger than 75% to suggest considerable
statistical heterogeneity. We also examined the result of the
Chi2 test and the degree of overlap in confidence intervals of
included studies because poor overlap of estimates and confidence
intervals suggests the presence of heterogeneity. We assessed
clinical and methodological heterogeneity by examining variations
among included studies with respect to participant characteristics,
inclusion/exclusion criteria, and assessments of primary and
secondary outcomes.

Assessment of reporting biases

Because fewer than 10 studies were included in any meta-analysis,
we did not assess reporting biases with funnel plots. If we identify
more studies in future updates and a meta-analysis includes data
from 10 or more studies, we will assess reporting bias using funnel
plots.

Data synthesis

When considering meta-analysis, we took statistical,
methodological, and clinical heterogeneity into consideration. We
considered an |2 statistic greater than 75% to suggest considerable
statistical heterogeneity, as defined above in 'Assessment of
heterogeneity'. When the number of trials was fewer than three, we
used a fixed-effect model, which in these cases provides a more
robust estimate of the treatment effect. When meta-analysis had
three or more included trials, we used a random-effects model
to estimate the overall intervention effects when appropriate.
When analyzing binary (dichotomous) outcomes, we estimated the
risk ratio (RR). For continuous outcomes, we estimated the mean
difference (MD).

Subgroup analysis and investigation of heterogeneity

Sufficient data were not available to conduct subgroup analyses.
We will use the following guidelines for future updates of this
review: if there is considerable statistical heterogeneity and
evidence of potential clinical or methodological heterogeneity, and
if data are available, we will conduct a subgroup analysis of tear
deficient classifications of dry eye as defined by the National Eye
Institute/Industry Workshop on Clinical Trials in Dry Eyes (Lemp
1995).

Sensitivity analysis

We did not perform sensitivity analyses due to insufficient data.
We will consider sensitivity analyses during future updates of this
review to determine the impact of excluding studies with lower
methodological quality or industry funding as well as studies that
were unpublished at the time of our review. We also will conduct
sensitivity analyses to determine the impact of including quasi-
randomized trials.

Summary of findings table

We used the GRADE approach to evaluate the certainty of
evidence for each outcome (GRADEpro 2014). Two review authors
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independently assessed each outcome as being of very low-,
low-, moderate-, or high-certainty according to five criteria: risk
of bias in individual trials, indirectness, heterogeneity, imprecision
of estimate (wide confidence intervals), and publication bias.
We resolved discrepancies by discussion. We present the main
outcomes for each comparison in a 'Summary of findings' table.
Since dry eye syndrome is a chronic condition, long-term follow-
up is the most clinically relevant and patient important time point.
Therefore, we included the following seven outcomes at long-
term follow-up: symptomatic improvement, ocular surface staining
with fluorescein, ocular surface staining with Rose Bengal, aqueous
tear production, tear film stability, artificial tear use, and adverse
events.

RESULTS

Description of studies

We describe the full-text studies we assessed for inclusion in
the 'Characteristics of included studies' and 'Characteristics of
excluded studies' tables.

Figure 1. Flow diagram.

Results of the search

In the original 2010 manuscript, the electronic search identified a
total of 115 titles and abstracts (Ervin 2010). We retrieved 19 articles
for full-text assessment, and we finally included 6 and excluded
13 for the review. We identified and included one additional study
from the list of references in the protocol for this systematic
review and from a search of the Science Citation Index-Expanded
database.

On 8 December 2016, the electronic searches yielded an additional
211 records (Figure 1). We assessed 20 full-text reports from 20
studies. Eleven met our eligibility criteria for inclusion, while one
was ongoing. We excluded the remaining eight studies for the
reasons noted in 'Characteristics of excluded studies'. Therefore,
the updated version of this systematic review includes a total of 18
included studies and 1 ongoing study.

T included studies and no
ongaing studies in the previous
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Included studies

The 18 studies included in this review enrolled 711 participants
(1249 eyes); we describe the studies in the 'Characteristics
of included studies' table. The intervention comparisons are
summarized in Table 1. Roberts 2007 did not report the number of
participants but did report the number of eyes studied.

The unit of randomization for the included studies was
the participant for 11 studies (Altan-Yaycioglu 2005;Chen
2010;Farrell 2003; Kaido 2012;Nava-Castaneda 2003; Qiu 2012;
Qiu 2013;Rabensteiner 2013; Roberts 2007;Tsifetaki 2003; Yung
2012), the eye for 5 studies (Brissette 2015; Burgess 2008; Lowther
1995;Mansour 2007;Slusser 1998), and was unclear for 2 studies
(Feng 2011; Zhou 2016;).

The unit of analysis was the participant for 3 studies as the average
of the participant's right and left eyes was ana lysed (Rabensteiner
2013; Roberts 2007;Tsifetaki 2003). The unit of analysis was the
eye for 7 studies (Brissette 2015;Feng 2011; Kaido 2012; Lowther
1995; Mansour 2007; Qiu 2013; Slusser 1998) although the study
investigators did not discuss whether the analyses accounted
for the correlation between eyes of a participant. The unit of
analysis was unclear for the remaining 8 studies (Altan-Yaycioglu
2005;Burgess 2008; Chen 2010; Farrell 2003;Nava-Castaneda 2003;
Qiu 2012; Yung 2012; Zhou 2016).

In this review we included the following comparisons (Table 1).

Punctal plugs versus observation.

Punctal plugs versus cyclosporine.

Punctal plugs versus oral pilocarpine.

Punctal plugs versus artificial tears.

Punctal plugs in the lower puncta versus the upper puncta.
Acrylic punctal plugs versus silicone punctal plugs.

ok wh e

7. Intracanalicular plugs versus Silicone punctal plugs.
8. Collagen punctal plugs versus silicone punctal plugs.

Concomitant use of artificial tears was permitted irrespective
of the treatment assignment in the Brissette 2015; Burgess
2008;Rabensteiner 2013; Roberts 2007;Tsifetaki 2003; Yung 2012
studies. There was no mention of concomitant artificial tear use
in the Altan-Yaycioglu 2005; Chen 2010; Farrell 2003; Kaido 2012;
Lowther 1995; Mansour 2007; Nava-Castaneda 2003; Slusser 1998
studies. The objective in the Feng 2011, Qiu 2012, Qiu 2013, and
Zhou 2016 studies was to compare artificial tears to punctal plugs
so only participants assigned to the artificial tear group received
this treatment.

For eight of 18 included trials, the unit of analysis was unclear, as
trial investigators did not report if they had only included one eye
in the analysis or took the averaged of both eyes (Altan-Yaycioglu
2005; Burgess 2008; Chen 2010; Farrell 2003; Nava-Castaneda 2003;
Qiu 2012; Yung 2012; Zhou 2016). Only one paired-eye RCT used
paired t-test (Slusser 1998), while the other four paired-eye RCTs,
but did not mention an analysis accounting for correlation between
the left and right eye (Brissette 2015; Feng 2011; Lowther 1995;
Mansour 2007). The remaining four of 18 trials reported averaging
both eyes (Rabensteiner 2013; Roberts 2007), analyzed the right eye
(Kaido 2012; Qiu 2013), or reporting the mean outcome of left and
right eyes (Tsifetaki 2003).

Excluded studies

We excluded 21 studies, listing them in the 'Characteristics of
excluded studies' table along with the reasons for exclusion.

Risk of bias in included studies

Figure 2 presents a summary of the risk of bias judgements for the
individual included studies.
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Figure 2. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Figure 2. (Continued)
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We judged the methods of sequence generation to confer low risk
of bias for nine studies (Brissette 2015; Burgess 2008; Mansour
2007; Nava-Castaneda 2003; Qiu 2013; Rabensteiner 2013; Roberts
2007; Tsifetaki 2003; Zhou 2016). All these studies used some
form of a computer-generated randomization scheme. We assessed
Yung 2012 as being at high risk of bias because participants were
assigned based on their patient ID number; participants with an
odd patient ID number were assigned to the punctal plug group,
while those with even patient ID numbers were assigned to the non-
punctal plug group. The eight remaining studies did not discuss
sequence generation (Altan-Yaycioglu 2005; Chen 2010; Farrell
2003; Feng2011; Kaido 2012; Lowther 1995; Qiu 2012; Slusser 1998).

We considered three studies at low risk of bias for allocation
concealment: the investigators used opaque envelopes in Brissette
2015 and Qiu 2013, while in Nava-Castaneda 2003 an external
statistical committee prepared random assignments and placed
them in sealed envelopes. We rated Yung 2012 at high risk of bias
because participants were assigned to treatment groups based
upon their patient ID numbers, as described above. The remaining
14 trials did not describe allocation concealment.

Masking (performance bias and detection bias)

Roberts 2007 did not mask participants and personnel, so we
considered this study to be at high risk of performance bias.
We judged 7 of the 18 included studies to be at low risk of
both performance bias and detection bias, as they reported
masking both the participants and study personnel (Brissette
2015; Burgess 2008; Farrell 2003; Lowther 1995; Nava-Castaneda
2003; Rabensteiner 2013; Slusser 1998) although it is not possible
to mask the personnel administering punctal plugs. For the
remaining studies, the study investigators did not report masking
of participants and personnel although given the nature of the
interventions compared it was not possible to mask participants
and personnel administering the punctal plugs. We judged the
remaining studies as having an unclear risk of bias.

Mansour 2007 , Roberts 2007, and Yung 2012 reported that the
outcome assessors were not masked, so we rated these studies
as being at high risk of detection bias. Mansour 2007 reported
that the same investigator performed all measurements and
presumably was unmasked to treatment assignment. Roberts
2007 reported that the "medication was dispensed open-label."
In Yung 2012, the study authors informed us through email
that the outcome assessors were not masked. We judged 8 of
the 18 included studies to be at low risk of detection bias
because they reported masking of the outcome assessors (Brissette
2015; Burgess 2008; Farrell 2003; Lowther 1995; Nava-Castaneda
2003; Qiu 2013; Slusser 1998; Tsifetaki 2003). We judged the
remaining studies to be at unclear risk of detection bias; this
group included Altan-Yaycioglu 2005, where the nuclear medicine
specialist who evaluated the lacrimal scintigraphy images was

masked to treatment assignment; however, lacrimal scintigraphy
was not a measurement included in this review. It is unclear
whether other outcome assessors were masked in Altan-Yaycioglu
2005.

Incomplete outcome data

We judged Mansour 2007, Rabensteiner 2013, Roberts 2007, and
Slusser 1998 to be at high risk of bias for failure to report
complete outcome data. Mansour 2007, Roberts 2007 and Slusser
1998 excluded 20% or more participants from their analyses
of outcomes. Roberts 2007 reported potential attrition bias by
replacing participants who withdrew from their study (participants
were not included in their analyses). In Rabensteiner 2013, the
proportion of participants lost to follow-up differed across groups.

We judged eight studies to be at low risk of bias for incomplete
outcome data (Brissette 2015; Chen 2010; Farrell 2003; Kaido
2012; Lowther 1995; Nava-Castaneda 2003; Qiu 2013; Yung 2012).
These studies reported no loss to follow-up or missing data, which
we confirmed by comparing the number randomized versus the
number ana lysed in the results reported.

We assessed all the remaining studies to be at unclear risk of
attrition bias (Altan-Yaycioglu 2005; Burgess 2008; Feng 2011; Qiu
2012; Tsifetaki 2003; Zhou 2016). Altan-Yaycioglu 2005 did not
report sample sizes in the Results, so it was unclear whether all
participants completed follow-up examinations. We noted that
investigators assessed most outcomes immediately after insertion
of the punctal plugs with the exception of ocular surface staining,
which was typically assessed three days after occlusion. Burgess
2008 and Feng 2011 did not include sample sizes for all outcomes,
so it was unclear whether all randomized participants completed
their follow-up examinations. In Tsifetaki 2003, one participant
was lost to follow-up and one participant discontinued due to
local ocular infection, but we could not determine whether these
participants were excluded from the analyses. Qiu 2012 reported
that less than 10% of participants were lost to follow-up, and Zhou
2016 did not report losses to follow-up.

Selective reporting

We accessed study protocols and registry records and compared
outcomes reported with the outcomes described in the protocol
or trial registry record. We judged one study to be at low risk of
bias, as we were able to confirm that all of the outcomes defined in
the trial registry were reported in the full text (Brissette 2015). The
reports from the remaining included studies did not include a trial
registration number, and we did not have access to a study protocol,
so we were unable to compare the reported outcomes in the full-
text studies with the outcomes before the study began.

Other potential sources of bias

We assessed the risk of bias for other potential sources of bias based
on declared industry funding and conflict of interest. We rated

Punctal occlusion for dry eye syndrome (Review)

27

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.


http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD006775.pub2/full#CD006775-bbs2-0005
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD006775.pub2/full#CD006775-bbs2-0005
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD006775.pub2/full#CD006775-bbs2-0001
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD006775.pub2/full#CD006775-bbs2-0001
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD006775.pub2/full#CD006775-bbs2-0001
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD006775.pub2/full#CD006775-bbs2-0001
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD006775.pub2/full#CD006775-bbs2-0002
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD006775.pub2/full#CD006775-bbs2-0002
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD006775.pub2/full#CD006775-bbs2-0007

Trusted evidence.
Informed decisions.
Better health.

= § Cochrane
é) Library

Cochrane Database of Systematic Reviews

two studies as being at high risk of bias because the investigators
received industry funding or declared a conflict of interest (Roberts
2007; Slusser 1998). Brissette 2015, Qiu 2012, and Qiu 2013 declared
no conflicts of interest and received no funding support or funding
from their university, so we assigned them a low risk rating. The
remaining studies did not include a source of funding or conflict of
interest, and we judged them to be at unclear risk of bias.

Effects of interventions

See: Summary of findings for the main comparison Summary
of findings: punctal plugs versus no punctal plugs; Summary of
findings 2 Summary of findings: punctal plugs versus cyclosporine;
Summary of findings 3 Summary of findings: punctal plugs versus
oral pilocarpine; Summary of findings 4 Summary of findings:
punctal plugs versus artificial tears; Summary of findings 5
Summary of findings: punctal plugs in the upper versus lower
puncta; Summary of findings 6 Summary of findings: acrylic
versus silicone punctal plugs; Summary of findings 7 Summary of
findings: intracanalicular versus silicone punctal plugs; Summary
of findings 8 Summary of findings: collagen versus silicone punctal

plugs
1. Punctal plugs versus no punctal plugs

Five trials compared punctal plugs with no punctal plugs (Lowther
1995; Mansour 2007; Nava-Castaneda 2003; Slusser 1998; Yung
2012).

When we refer to the punctal plug group, the group could include
participants assigned to intracanalicular punctal plugs alone
(Lowther 1995), silicone punctal plugs alone (Mansour 2007; Slusser
1998; Yung 2012), and collagen plus silicone punctal plugs (Nava-
Castaneda 2003). Similarly, the no punctal plugs group participants
received sham treatment (Lowther 1995; Nava-Castaneda 2003;
Slusser 1998) or observation (Mansour 2007; Yung 2012).

Two of the five trials did not report the review outcomes at two
weeks, one month, or long-term (Lowther 1995; Mansour 2007).
Mansour 2007 ascertained outcomes between 6 and 20 weeks after
occlusion but did not report a more precise time point than that.
Lowther 1995 reported only five days of follow-up, so we did not
report any study outcomes in this review.

Symptomatic improvement

Of the five trials, three included reports of symptomatic
improvement at two weeks, one month, or long-term (Mansour
2007; Nava-Castaneda 2003; Yung 2012). We judged the certainty
of the evidence to be very low for all follow-up time points after
downgrading for high risk of detection and attrition bias (1 level)
and methodological heterogeneity (2 levels).

The three trials reported symptomatic improvement slightly
differently. Nava-Castaneda 2003 and Yung 2012 reported dry eye
symptom scores that ranged from 0 to 3 points (0 = absence of
the symptom, 1 = mild, 2 = moderate, and 3 = severe). However,
Nava-Castaneda 2003 also reported "a total symptoms score, which
is a measure of the overall severity of the patient's conjunctival
and dry eye condition, and the score was calculated by multiplying
(for each individual symptom/condition) the numerical values
corresponding to frequency and severity, and then adding the
products for all symptoms" (p 11). For Nava-Castaneda 2003, we
assume that the score could range from 0 to 105 points based on the

description in the text (minimum: 0 points for severity x 0 points for
frequency x 7 symptoms; maximum: 5 points for severity x 3 points
for frequency x 7 symptoms). Finally, Mansour 2007 use Ocular
and Oral Symptoms score (According to the European Criteria for
the Classification of Sjogren's Syndrome, and noted discomfort
scores that were a summary score from 0 to 10, with higher values
denoting more discomfort.

Since the three trials had high methodological heterogeneity, we
report the results as a narrative synthesis. Each of the three trials
used different scoring methods; Mansour 2007 used the Ocular
and Oral Symptoms score, Nava-Castaneda 2003 reported a total
symptoms score, and Yung 2012 reported dry eye symptom scores.
Mansour 2007 reported little or no difference in the Ocular and Oral
Symptoms score, which ranged from 0 to 10 points (MD -0.46 points,
95% Cl -1.24 to 0.32; eyes = 26). Nava-Castaneda 2003 reported
a slight decrease in symptom score, assumed to range from 0 to
105 points, but this finding is not clinically important (MD -2.07
points, 95% CI -2.70 to -1.44; eyes = 61). However, Nava-Castaneda
2003 also noted a significant improvement in individual symptom
scores at four weeks in the punctal plug group compared with the
no punctal plugs group (dryness, itching, burning, foreign body
sensation, fluctuating vision, light sensitivity). Yung 2012 reported
little or no difference in dry eye symptom score, ranging from 0 to 3
points (MD 0.06 points, 95% Cl -0.69 to 0.80; eyes = 28)

Two trials included long-term results indicated slightly favorable
symptomatic improvement in the punctal plug group versus the no
punctal plugs group, but the confidence interval includes values
that are not clinically important (Nava-Castaneda 2003; Yung 2012).
As mentioned above, different scales were used by Nava-Castaneda
2003 and Yung 2012. Nava-Castaneda 2003 reported a slight
decrease in symptom score, although not clinically meaningful.
However, Nava-Castaneda 2003 noted there were also significant
differencesin the frequency of individual symptom scores (dryness,
watery eyes, itching, burning, foreign body sensation, fluctuating
vision, light sensitivity) with participants in the collagen/silicone
group reporting lower frequency of these symptoms. Yung 2012
reported little or no difference in dry eye symptom score, ranging
from 0 to 3 points (MD -0.75 points, 95% CI -1.53 to 0.02; eyes = 28)

Ocular surface staining

Three trials reported ocular surface staining as an outcome at two
weeks, one month, or long-term follow-up (Nava-Castaneda 2003;
Slusser 1998; Yung 2012). Slusser 1998 reported Rose Bengal scores
that ranged from 0 to 4, where 0 represented no staining and 4
represented heavy staining. Nava-Castaneda 2003 and Yung 2012
reported the sodium fluorescein staining scores that ranged from
0 to 4, where 0 represented no staining and 4 represented heavy
staining. We judged the certainty of the evidence to be low after
downgrading for imprecision as the confidence interval was either
wide or clinically not important (1 level) and there was a high risk
of attrition bias (1 level).

One of the three trials included two-week results that reported
no difference between the groups (Nava-Castaneda 2003). Nava-
Castaneda 2003 reported a slightly lower difference in sodium
fluorescein staining scores in the punctal plugs group compared
with the no punctal plugs group on the scale of 0 to 4, where a lower
score is more advantageous (MD —0.80 points, 95% Cl -1.10 to —0.50;
eyes = 122; Analysis 1.3). However, we judged that the difference
was not clinically significant.
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One of the three trials included one-month results, which showed
little or no difference between punctal plugs and no punctal plugs
( Yung 2012). Yung 2012 found little or no difference between the
groups in fluorescein staining scores of 0 to 4 points (MD 0.59 points,
95% Cl1 -0.19 to 1.37; eyes = 28; Analysis 1.4).

One of the three trials included long-term results comparing
punctal plugs over no punctal plugs, and punctal plugs were not
consistently favored (Nava-Castaneda 2003). Nava-Castaneda 2003
reported that punctal plugs were somewhat better than no punctal
plugs for sodium fluorescein staining score (MD -1.50 points, 95% Cl
-1.88t0 -1.12; eyes =61 Analysis 1.5).

Aqueous tear production

One study reported aqueous tear production (Yung 2012) assessed
using the Schirmer test with anesthesia. We judged the certainty
of the evidence to be low after downgrading for imprecision as the
confidence interval was either wide or clinically not important (1
level), and there was a high risk of attrition bias (1 level).

Yung 2012 reported Schirmer score results without specifying the
follow-up time point and did not provide data that could be
included in a meta-analysis. Yung 2012 reported that "Schirmer
values tended to increase in the plug group after plug insertion;
however, the changes did not reach significance" (p 211).

Tear film stability

Two studies reported the tear film stability outcome (Slusser 1998;
Yung 2012). We judged the certainty of the evidence to be low
after downgrading for inconsistency in results as TBUT did not
consistently favor punctal plugs over no punctal plugs at one and
three months follow-up (1 level) and there was a high risk of
attrition bias (1 level).

Slusser 1998 reported mean tear film break-up times but did not
report the respective standard deviations or the exact P value. The
investigators stated: "the average prelens tear film break-up time
for all patients at the 2 baseline visits was 16.1s[econds] for the eye
assigned to receive the plugs, and 16. 7s[econds] for the control eye.
The difference between these values is not statistically significant
(paired t-test, p > 0.05)" (p 333).

Yung 2012 reported tear film stability at one and three months. At
the one and three month follow-up visits, Yung 2012 found little
or no difference in tear film break-up time between the groups
(MD -0.41 seconds, 95% Cl -1.25 to 0.43; eyes = 28 and MD 1.93
seconds, 95% C1 0.67 to 3.20; eyes =28, Analysis 1.6 and Analysis 1.7
respectively).

Artificial tear use

One trial compared the frequency of artificial tear use (Nava-
Castaneda 2003). We judged the certainty of the evidence to be very
low after downgrading for high risk of performance, detection, and
attrition bias (2 levels).

At two weeks follow-up, Nava-Castaneda 2003 reported slightly less
artificial tear use in the punctal plug group compared with the no
punctal plugs group (MD -1.40, 95% Cl -1.86 to -0.94; eyes = 61;
Analysis 1.8). At the one-month follow-up visit, there was slightly
less artificial tear use in the punctal plug group compared with the
no punctal plugs group (MD -1.80, 95% CI -2.09 to -1.51; Analysis
1.9). At the long-term follow-up visit Nava-Castaneda 2003 reported

slightly less artificial tear use in the punctal plug group compared
with the no punctal plugs group (MD -2.70, 95% Cl -3.11 to -2.29;
eyes = 61); Analysis 1.10).

Adverse outcomes

Three of the five studies reported on adverse outcomes (Slusser
1998; Mansour 2007; Nava-Castaneda 2003). We judged the
evidence to be very low-certainty after downgrading for limitations
in the design and implementation of available studies suggesting
high likelihood of attrition bias (2 levels) and sparse and
inconsistent data, particularly with respect to epiphora (1 level).

Slusser 1998 reported several adverse events, all in the punctal
plug group (28 participants); 23 participants (82%) had epiphora,
3 (11%) reported itching in the area of plug placement, and 1
(3.5%) had tenderness and swelling of the eyelids with mucous
discharge. Mansour 2007 reported spontaneous plug loss in 6 of
20 eyes (30%) with silicone punctal plugs. Nava-Castaneda 2003
reported epiphora in one participant who had received collagen
and silicone punctal plugs. The remaining studies did not report
adverse events (Lowther 1995; Yung 2012).

2. Punctal plugs versus cyclosporine

One study compared punctal plugs to cyclosporine (Roberts 2007).
We judged the certainty of the evidence to be very low after
downgrading for imprecision of results (1 level) and high risk of
detection, performance, attrition, and other bias (two levels).

Symptomatic improvement

The study investigators did not report this outcome.

Ocular surface staining

At one month, Roberts 2007 reported little or no between-group
difference in Rose Bengal staining scores on a scale of 0 to 4 points
(MD 0.10 points, 95% CI -0.32 to 0.52; eyes = 20). The Rose Bengal
staining score "was graded on the following scale: 0 = no staining,
1 = staining of the nasal conjunctiva only, 2 = staining of both the
nasal and temporal conjunctiva, 3 = peripheral corneal staining, 4 =
central corneal staining." p 806 The study investigators of Roberts
2007 stated: "there was greater improvement in conjunctival
staining with cyclosporine or the combination than with plugs
alone." It was unclear whether Rose Bengal or fluorescein staining
was used.

Aqueous tear production

At one month, Roberts 2007 also reported little or no difference
between the punctal plug and cyclosporine groups for aqueous
tear production (Schirmer test without topical anesthesia: MD 6.00
mm/3 min, 95% Cl 4.96 to 7.04; eyes = 20; Analysis 2.1). Likewise at
long-term follow-up, there was little or no difference between the
punctal plug and cyclosporine groups for aqueous tear production
(MD 0.80 mm/3 min, 95% CI -0.74 to 2.34; eyes = 20; Analysis 2.2)

Tear film stability
Roberts 2007 did not report this outcome.

Artificial tear use

At one month, Roberts 2007 reported less daily artificial tear use
in the punctal plug group compared with the cyclosporine group
(MD -1.70 applications/day, 95% ClI -3.04 to -0.36; eyes = 20;
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Analysis 2.5). But at long-term follow-up, there was little or no
difference between the punctal plug and cyclosporine groups for
daily artificial tear use (MD 1.10 applications/day, 95% CI -0.04 to
2.24; eyes = 20)

Adverse outcomes

Roberts 2007 reported that 1 of 11 participants (9%) experienced
plug displacement in the punctal plug group, while 1 of 11
participants (9%) in the cyclosporine group experienced a burning
sensation.

3. Punctal plugs versus oral pilocarpine

One trial compared punctal plugs to oral pilocarpine (Tsifetaki
2003).

Symptomatic improvement

Tsifetaki 2003 reported significantly greater improvements in
subjective ocular symptoms in participants who received oral
pilocarpine (90% improvement) versus collagen punctal plugs (60%
improvement) at three months (RR 0.69, 95% CI 0.49 to 0.95; eyes
= 55; Analysis 3.1). The study investigators defined improvement
in subjective ocular symptoms as an improvement of >55 mm for
responses to the eye questionnaire on a 100 mm VAS. We judged
the certainty of the evidence to be very low after downgrading
for high risk of performance and detection bias, as the participant
and outcome assessors were not masked to the treatment groups,
and the self-reported symptomatic improvement could have been
biased (2 levels) and imprecision as the confidence interval is either
wide or clinically notimportant (1 level).

Ocular surface staining

Tsifetaki 2003 noted small differences in Rose Bengal ocular surface
staining scores, with participants who received oral pilocarpine
showing more improvement at three months than participants
randomized to collagen punctal plugs. The Rose Bengal ocular
surface staining scores was graded using the van Bijsterveld
schema, which is on a scale of 0 to 9 points (right eyes: MD 0.10
points, 95% CI -0.56 to 0.76; eyes = 55; Analysis 3.2.1; left eyes: MD
0.60 points, 95% CI 0.10 to 1.10; eyes = 55; Analysis 3.2.1). Mean
differences + standard deviations at follow-up were: -1.0 point +
1.3 (right eye) and -1.1 points + 1.0 (left eye) for oral pilocarpine;
and -0.9 points + 1.2 (right eye) and -0.5 points + 0.9 (left eye) for
collagen punctal plugs.

Aqueous tear production

Tsifetaki 2003 noted no difference in the Schirmer test (without
topical anesthesia) scores when comparing oral pilocarpine versus
collagen punctal plugs (right eyes: MD -0.10 mm/5 min, 95% Cl
-0.53t00.33; eyes=55; Analysis 3.3.1; left eyes: MD —0.50 mm/5 min,
95% CI —1.06 to 0.06; eyes = 55; Analysis 3.3.2). Mean differences +
standard deviations at follow-up were: 0.3+ 1.1 mm (right eyes) and
1.2+ 1.3 mm (left eyes) for oral pilocarpine; and 0.2 + 0.4 mm (right
eyes) and 0.7 £ 0.8 mm (left eyes) for collagen punctal plugs.

Tear film stability
The study investigators did not report this outcome.

Artificial tear use

The study investigators did not report this outcome.

Adverse outcomes

Tsifetaki 2003 reported that "four patients had mild headache,
of whom three also presented with nausea, vomiting, and
sweating" (p 1205), and "one patient in the inferior puncta
occlusion group had blepharitis and was withdrawn from the
study" (p 1204).

4. Punctal plugs versus artificial tears

Five trials compared punctal plugs with artifical tears (Feng 2011,
Qiu 2012; Qiu 2013; Tsifetaki 2003; Zhou 2016). Tsifetaki 2003
compared punctal plugs plus artificial tears versus artificial tears
alone, while the rest of the trials compared punctal plugs versus
artificial tears. Also Tsifetaki 2003 randomized both eyes of each
participants to the same treatment group, hence they reported the
mean and SD for the left and right eyes individually. All participants
included in Feng 2011 had undergone LASIK surgery.

Symptomatic improvement

Four of the five trials reported symptomatic improvement (Qiu
2012; Qiu 2013; Tsifetaki 2003; Zhou 2016). We judged the certainty
of the evidence to be very low after downgrading for there was a
high risk of performance and detection bias, as the lack of masking
in participants and outcome assessors could have influenced self-
reported symptomatic improvement (2 levels), and there was
unexplained statistical heterogeneity or inconsistent results (1
level), and imprecision of results as the confidence interval was
either wide or clinically not important (1 level).

At two weeks, Qiu 2012 reported eight symptom outcomes:
dryness, foreign body sensation, visual fatigue, burning, red eye,
stinging, secretion on eyelash, and difficulty opening eyes in the
morning due to dryness. Each symptom was scored from "1 to 10; 1
being the absence of the type of discomfort and 10 being the most
severe level that one could bear." There was little or no difference
in symptomatic improvement score (MD -0.30 points, 95% CI -3.87
to 3.27; eyes = 28; Analysis 4.1).

At three months, Tsifetaki 2003 reported more improvements in
ocular symptoms in the group receiving punctal plugs plus artificial
tears than in the group receiving artifical tears alone (RR 2.29,
95% Cl 1.20 to 4.38; eyes = 54; Analysis 4.2). As mentioned above,
improvements in subjective ocular symptoms was defined as an
improvement of >55 mm for responses to the eye questionnaire on
a 100 mm VAS.

At three months, Zhou 2016 and Qiu 2013 reported mean
symptomatic improvement scores. Qiu 2013 reported scores on
the 12-item Ocular Surface Disease Index (OSDI). Each item on the
questionnaire is graded from 0 to 4 points, where 0 = never, 1 =
some of the time, 2 = half of the time, 3 = most of the time, and 4
= all the time. Zhou 2016 reported a symptoms score, defined as
the sum of scores for dryness, foreign body sensation, and visual
fatigue. The dryness score was graded from 0 to 6 points, where 0 =
none, 2 = occasional, 4 = my eyes are often dry and uncomfortable,
6 = my eyes are always unbearably dry. Foreign body sensation
was scored from 0 to 3 points, where 0 = none; 1 = occasional; 2 =
often, | often want to blink; and 3 = often, I have to blink frequently,
and want to rub my eyes with my hands. The visual fatigue score
ranged from 0 to 6 points, where 0 = none, 2 = quick to fatigue,
4 = the duration that | can read or see has shortened, 6 = my
eyelids feel like falling off, so | cannot read or see. Punctal plugs
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showed slightly better symptomatic improvement than artificial
tears group at three months (SMD -0.88, 95% CI -1.24 to —0.51; eyes
=130; 12 = 86%); Analysis 4.3)

Ocular surface staining

We judged the certainty of the evidence to be low after
downgrading for imprecision in results as the confidence interval
is wide and clinically not important (2 levels). At two-week follow-
up, Feng 2011 reported little or no difference in Rose Bengal scores
between groups (MD 0.81 points, 95% CI —0.09 to 1.71; eyes = 54;
Analysis 4.4)

Both Tsifetaki 2003 and Qiu 2013 reported ocular surface staining
at three months follow-up but assessed it differently. Because
Tsifetaki 2003 randomized both eyes of each participant to the
same treatment group, they reported the mean and SD for the left
and right eye respectively. Further more, both treatment groups
received artificial tears, and noted small differences in Rose Bengal
ocular surface staining scores on a scale of 0 to 3 (right eyes: MD
0.10 points, 95% CI —0.56 to 0.76; Analysis 4.5.1; left eyes: MD 0.60
points, 95% Cl 0.10 to 1.10; Analysis 4.5.2). Qiu 2013 reported little
or no difference in fluorescein staining scores on a scale of 0 to 3
(MD -0.21 points, 95% Cl —0.49 to 0.07; eyes = 40; Analysis 4.6)

Aqueous tear production

We judged the certainty of the evidence to be low after
downgrading for imprecision as the confidence interval are wide
or clinically not important (1 level) and results were inconsistent
(1 level). At two weeks, Feng 2011 noted little or no difference
in Schirmer scores (without topical anesthesia) when comparing
collagen punctal plugs versus artificial tears (MD 0.83 mm/5 min,
95% CI -1.05 to 2.71; eyes = 82; Analysis 4.7).

At three months, Tsifetaki 2003 noted small differences in Schirmer
scores (without topical anesthesia) when both treatment groups
received artificial tears and both eyes of each participant was in the
same treatment group (right eye: MD 0.00 mm/5 min, 95% CI -0.33
to 0.33; Analysis 4.8.1; left eye: MD 0.10 mm/5 min, 95% Cl -0.35 to
0.55; Analysis 4.8.2). The meta-analysis of Qiu 2013 and Zhou 2016
favored punctal plugs over artificial tears (MD 2.16 mm/5 min, 95%
Cl 1.41 to 2.90; eyes = 130; 12 = 0%; Analysis 4.9)

Tear film stability

We judged the certainty of the evidence to be moderate after
downgrading for imprecision of results (1 level).

At two weeks, the pooled analysis of Feng 2011 and Qiu 2012
showed little or no difference in tear film stability when comparing
collagen punctal plugs versus artificial tears (MD 0.26 seconds, 95%
Cl-0.57 to 1.09; eyes = 82; 12 = 0%; Analysis 4.10).

At three months, the pooled analysis of Qiu 2013 and Zhou 2016
showed little or no difference in tear film stability when comparing
collagen punctal plugs versus artificial tears (MD 1.02 seconds, 95%
C1 0.60 to 1.44; eyes = 130; 12 = 55%; Analysis 4.11).

Artificial tear use

The investigators of these studies did not report this outcome, as
one of the interventions consisted of artificial tears.

Adverse outcomes

We judged the certainty of the evidence to be low after
downgrading for imprecision because of wide confidence intervals
(2 levels). Tsifetaki 2003 reported that "four patients had mild
headache, of whom three also presented with nausea, vomiting,
and sweating" (p 1205) and that "one patient in the inferior puncta
occlusion group had blepharitis and was withdrawn from the
study" (p 1204).

Qiu 2012 reported little or no difference in punctate epithelial
keratopathy between the intervention groups (RR 1.33, 95% CI 0.57
to 3.12; eyes = 28; Analysis 4.12).

Feng 2011, Qiu 2013, and Zhou 2016 did not report adverse
outcomes.

5. Punctal plugs in the upper versus lower puncta

Three trials compared upper versus lower punctal plug placement
(Chen 2010; Farrell 2003; Kaido 2012). Farrell 2003 compared
participants with lower puncta occlusion only, with participants
receiving a combination of upper and lower puncta occlusion. Chen
2010 and Farrell 2003 investigated collagen punctal plugs while
Kaido 2012 included silicone punctal plugs. Chen 2010 reported
only 10 days of follow-up, so we present no quantitative data for
this comparison.

Symptomatic improvement

We judged the certainty of the evidence to be low after
downgrading for imprecision of results as the confidence interval
was wide (1 level) and potential bias as there was unclear risk
of selection, performance, detection, attrition, and reporting bias
(1 level). None of the studies reported this outcome beyond one
month of follow-up. Chen 2010 did not report this outcome.

Farrell 2003 reported median McMonnies symptom scores for
participants receiving collagen punctal plugs in the lower puncta
versus the upper and lower puncta for the right and left eyes
separately. While study investigators of Farrell 2003 noted using
a modified McMonnies questionnaire, they did not publish the
modified questionnaire, but did note that higher scores denote
increased symptom reports. The median (range) values for the right
eye at baseline, 5 days, and 12 days post-occlusion were 7 points
(3 to 12), 3 points (0 to 8), and 3 points (0 to 10), respectively, for
participants with collagen plugs in their lower puncta and 7 points
(6 to 13), 3 points (0 to 11) and 3 points (0 to 7), respectively, for
participants with collagen plugs in their lower and upper puncta.
The authors stated that "the median symptom score reduced
significantly from 7 to 3 between baseline and day 5," but "there
was no significant shift in symptom score between days 5 and 12
(Wilcoxon signed-rank test)" (p 3).

At one month, Kaido 2012 noted little or no difference in
symptomatic improvement when comparing punctal plugs in the
upper versus lower puncta (RR 1.07, 95% Cl 0.85 to 1.36; eyes = 43;
Analysis 5.1). Kaido 2012 reported the number of participants who
expressed satisfaction with resolution of symptoms or satisfaction
with resolution of symptoms despite epiphora.

Ocular surface staining

We judged the certainty of the evidence to be low after
downgrading for imprecision of results as the confidence interval
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was wide (1 level) and potential bias as there was unclear risk of
selection, performance, detection, attrition, and reporting bias (1
level). Chen 2010 and Kaido 2012 measured ocular surface staining
using a sodium fluorescein strip graded from 0 to 3 points, with 0
indicating no staining and 3 indicating the most intense staining.

At one month, Kaido 2012 reported the means + standard deviation
of the upper and lower puncta group to be 0.4 + 0.9 points and
0.0 £ 0.0 points; therefore, we were not able to estimate the mean
difference. None of the trials reported this outcome at two weeks
or for long-term follow-up. Farrell 2003 did not report this outcome
at any follow-up time.

Aqueous tear production

We judged the certainty of the evidence to be low after
downgrading for imprecision of results as the confidence interval
was wide (1 level) and potential bias as there was unclear risk
of selection, performance, detection, attrition, and reporting bias
(1 level). Chen 2010 measured aqueous tear production using a
Schirmer test with anesthesia, but Kaido 2012 used a Schirmer test
without anesthesia (mm/5 min).

At one month, Kaido 2012 reported slightly less aqueous tear
production in the peripheral cornea when comparing punctal plugs
in the upper puncta to punctal plugs in the lower puncta (MD -4.50
mm/5 min, 95% Cl -8.63 to -0.37; eyes = 43; Analysis 5.2). None
of the trials reported this outcome at two weeks or for long-term
follow-up. Farrell 2003 did not report this outcome.

Tear film stability

We judged the certainty of the evidence to be low after
downgrading for imprecision of results as the confidence interval
was wide (1 level) and potential bias as there was unclear risk of
selection, performance, detection, attrition, and reporting bias (1
level). Both Chen 2010 and Kaido 2012 reported tear film stability
via assessment with sodium fluorescein.

At one month, Kaido 2012 noted little or no difference in tear film
break-up time between punctal plugs in the upper versus lower
puncta (MD -0.10 seconds, 95% Cl -1.73 to 1.53; eyes = 43; Analysis
5.3). None of the trials reported this outcome at two weeks or at
long-term follow-up. Farrell 2003 did not report this outcome.

Artificial tear use

None of the studies reported this outcome.

Adverse outcomes

We judged the certainty of the evidence to be low after
downgrading for imprecision of results as the confidence interval
was wide (1 level) and potential bias as there was unclear risk of
selection, performance, detection, attrition, and reporting bias (1
level). Chen 2010 reported that "no complication was observed in
dry eye patients or control subjects during the period of this study."
It is unclear which complications were ana lysed. Kaido 2012 and
Farrell 2003 did not report this outcome.

6. Acrylic punctal plugs versus silicone punctal plugs

Burgess 2008 was the only trial that compared acrylic punctal plugs
with silicone punctal plugs; the investigators reported outcomes
at approximately 11 weeks of follow-up. We judged the certainty
of the evidence for all outcomes to be low after downgrading for

imprecision as the confidence interval was wide (2 levels) and risk
of bias as selection, attrition and reporting bias were judged to
be unclear (1 level). The study investigators did not report this
outcome at two weeks or four weeks.

Symptomatic improvement

Burgess 2008 reported no difference in mean subjective symptom
score when comparingsilicone and acrylic punctal plugs. The study
investigators used a "subjective symptom scoring was assessed
for each eye by using standard, vertical, nonanchored visual
analog scales 10 cm in length for symptoms of dryness, grittiness,
foreign body sensation, pain, stinging, burning, and itching. After
rating symptoms individually, we summed scores to give the
total symptom score." We assumed the score ranged from 0
to 70 points, where a lower score was more advantageous. At
baseline and approximately 11 weeks follow-up, mean scores +
standard deviations were 29.6 points + 16.9 and 21.0 points *
14.5, respectively, among participants with silicone plugs, and 38.9
points +16.7 and 21.9 points + 18.8 among participants with acrylic
plugs group (MD 0.90 points, 95% Cl -6.94 to 8.74; eyes =36; Analysis
6.1).

Ocular surface staining

Burgess 2008 found no differences in Rose Bengal and sodium
fluorescein ocular surface staining when comparing silicone versus
acrylic punctal plugs (Rose Bengal baseline versus approximately
11 weeks follow-up on ascale of 0 to 3 points: MD 0.45 points, 95% Cl
-0.09 to 0.99; eyes = 36; Analysis 6.2.1; sodium fluorescein baseline
versus approximately 11 weeks follow-up on a scale of 0 to 3 points:
MD 0.43 points, 95% Cl -1.61 to 2.47; eyes = 36; Analysis 6.2.2).

Aqueous tear production

Similarly, Burgess 2008 found no difference in mean Schirmer
test results (without topical anesthesia) when comparing silicone
versus acrylic punctal plugs (MD 1.07 mm, 95% Cl -1.62 to 3.76;
eyes = 36; Analysis 6.3). However, Burgess 2008 did not report the
duration of the Schirmer test.

Tear film stability

Burgess 2008 reported no differencein tear film break-up time when
comparing silicone versus acrylic punctal plugs (MD 0.36 seconds,
95% Cl -1.22 to 1.94; eyes = 36; Analysis 6.4).

Artificial tear use

In the Burgess 2008 study, silicone and acrylic punctal plugs
reduced the use of artificial tears in 10 (55.6%) and 11 (61.1%)
participants, respectively, but the difference in mean reduction in
artificial tear use (as measured by the symptom score) was not
statistically significant (mean 1.55 applications, 95% Cl -1.50 to
4.60; P=0.27, t test).

Adverse outcomes

Burgess 2008 reported that 1 of 18 eyes receiving an acrylic punctal
plug experienced epiphora, 1 of 18 eyes receiving a silicone punctal
plug eye experienced intermittent ocular irritation, and 2 eyes in
the silicone punctal plug group and 1 in the acrylic punctal plug
experienced temporary foreign body sensation.
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7. Intracanalicular punctal plugs versus silicone punctal plugs

Rabensteiner 2013 was the only trial to compare intracanalicular
punctal plugs with silicone punctal plugs. For all outcomes,
we downgraded the evidence two levels to very low-certainty
because of wide confidence intervals indicating imprecision of
effect estimates (2 levels) and high risk of attrition bias (1 level).

Symptomatic improvement

Rabensteiner 2013 reported subjective dry eye symptoms for
each eye. Investigators measured soreness, scratching, grittiness,
dryness and/or burning using a 100 mm visual analog scale (VAS;
0 mm = no symptoms, 100 mm = maximum intensity). At three
months follow-up, moderate-certainty evidence showed little or no
difference in symptomatic improvement score (MD -3.10 mm, 95%
Cl-14.97 to 8.77; eyes = 57; Analysis 7.1).

Ocular surface staining

At three months follow-up, moderate-certainty evidence showed
little or no difference in ocular surface staining for Rose Bengal
on the van Bijsterveld scale of 0 to 9 points (MD 0.20 points, 95%
Cl -0.71 to 1.11; Analysis 7.2.1) and fluorescein of a scale from 0
to 4 points (MD 0.40 points, 95% Cl —0.04 to 0.84; Analysis 7.2.2).
Fluorescein was graded using zero points indicates no staining, one
point less than one-third, two points less than two thirds, and three
points more than two-thirds staining of the cornea.

Aqueous tear production

At three months follow-up, moderate-certainty evidence showed
little or no difference in aqueous tear production (MD -0.70 mm/5
min, 95% CI -3.46 to 2.06; Analysis 7.3).

Tear film stability

At three months follow-up, moderate-certainty evidence showed
little or no difference in tear film stability (MD 0.80 seconds, 95% Cl
-0.00 to 1.60; Analysis 7.4).

Artificial tear use

At three months follow-up, moderate-certainty evidence showed
little or no difference in daily artificial tear use (MD -1.30
applications, 95% Cl —4.04 to 1.44; Analysis 7.5).

Adverse outcomes

No studies reported adverse events.

8. Collagen punctal plugs versus silicone punctal plugs

Altan-Yaycioglu 2005 and Brissette 2015 compared collagen punctal
plugs with silicone punctal plugs. Altan-Yaycioglu 2005 did not
report any review outcomes at two weeks, one month, or at long-
term follow-up. Brissette 2015 reported symptomaticimprovement
(measured using the Canadian Dry Eye Assessment), aqueous
tear production (Schirmer | without anesthesia), and tear film
stability at one month and at long-term follow-up (six months). The
Canadian Dry Eye Assessment range from 0 to 48 points; where
less than 5 points was normal, 5 to 15 points was mild, 20 to 25
points was moderate, 30 to 48 points was severe. However, the
study investigators did not report standard deviations or the exact
P value at the one month follow-up. At the long-term follow-up, we
used the reported group means and exact P values to compute the
MD and respective 95% CI.

We judged the certainty of the evidence for all outcomes to be
very low after downgrading for imprecision of estimates as the
confidence interval were wide or clinically not important (2 levels)
and risk of bias as we judged selection, performance, detection,
attrition, and reporting bias to be unclear (1 level).

Symptomatic improvement

At long-term follow-up, Brissette 2015 reported little or no
difference between the groups for Canadian Dry Eye Assessment
scores on a scale of 0 to 48 points (MD 0.81 points, 95% Cl —2.94 to
4.56; eyes = 50).

Ocular surface staining

At long-term follow-up, Brissette 2015 reported both sodium
fluorescein staining scores and lissamine green staining scores.
There were few or no between-group differences for fluorescein
staining score on a scale of 0 to 4 points (MD -0.76 points, 95% ClI
-18.5t017.0) and for lissamine green score on a scale of 0 to 3 points
(MD 0.03 points, 95% CI -0.15 to 0.21; eyes = 50).

Aqueous tear production

At long-term follow-up, Brissette 2015 reported little or no
difference between groups for the Schirmer test | without
anesthesia (MD 0.67 mm, 95% CI -17.28 to 18.62; eyes = 50).

Tear film stability

At long-term follow-up, Brissette 2015 reported little or no
between-group differences for tear break-up time (MD 0.21
seconds, 95% Cl -1.81 to 2.23; eyes = 50).

Artificial tear use

At long-term follow-up, Brissette 2015 reported little or no
difference between groups in daily frequency of artificial tear
applications (MD -0.06 applications/day, 95% Cl -0.23 to 0.12; eyes
=50).

Adverse outcomes

Altan-Yaycioglu 2005 stated that "none of the patients developed
adverse events related to the procedure" (p 88.e3). Likewise,
Brissette 2015 reported that "there were no additional
significant differences between groups and no plug complications
reported" (p 238).

DISCUSSION

Summary of main results

Despite the inclusion of 18 trials, only a maximum of two studies
contributed outcome data at any given follow-up time point across
eight comparisons due to significant study heterogeneity. Punctal
plugs did not show consistent symptomatic improvement over the
observation group at 2 weeks, 1 month, or at 2 to 12 months
follow-up. When comparing symptomatic improvementin different
types of punctal plugs at long-term follow-up, there was little or
no difference between silicone and collagen or acrylic punctal
plugs. Punctal plugs may be more effective than oral pilocarpine,
but artificial tears may be more effective than punctal plugs for
treating dry eye signs and symptoms. The location of the occlusion
(lower versus upper puncta) resulted in little or no difference in
symptomatic improvement. Overall, this review update includes
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new evidence, though we cannot draw strong conclusions from the
current body of evidence.

Adverse outcomes

Tsifetaki 2003 was the only study to report on adverse outcomes
with collagen plugs only; 1 participant of 28 discontinued the study
due to a local infection. The most common adverse outcomes
in silicone plug studies were: spontaneous plug loss (6 of 28 in
Mansour 2007, 6 of 20 in Burgess 2008); epiphora (1 case each in
Burgess 2008 and Nava-Castaneda 2003, 4 in Farrell 2003); ocular
irritation or foreign body sensation (3 cases in Burgess 2008); and
local inflammatory reaction to silicone (1 case in Mansour 2007).
In addition, Mansour 2007 reported one case of corneal melting
and perforation, and Nava-Castaneda 2003 reported one instance
of corneal ulceration. The trial investigators believed that neither of
these serious conditions was related to the punctal plugs.

Overall completeness and applicability of evidence

We included 18 trials, but no more than two studies reported the
same review outcome at any review follow-up time points across
eight comparisons of interventions. Meta-analysis was not possible
for the primary review outcome thus the evidence regarding
punctal occlusion for dry eye-related symptoms is incomplete.

The certainty of the evidence ranged from moderate to very low, as
we frequently downgraded the evidence for the high risk of bias or
imprecision in effect estimates.

Potential biases in the review process

We used standard Cochrane methods to conduct this review and
are unaware of any potential bias.

Agreements and disagreements with other studies or
reviews

Many investigators have published reviews of punctal plug use for
dry eye syndrome (Hamano 2005; Marcet 2015; Yellepeddi 2015;
Jehangir 2016). Nevertheless, these reviews do not include meta-
analyses of randomized controlled trials or other comparative
studies. Hamano 2005 and Yellepeddi 2015 was a general review
of punctal plug types and the ways in which punctal plugs are
used for treating dry eye. Marcet 2015 was a narrative review of
27 studies, which included both case series and randomized trials.
Jehangir2016 provided an extensive review of the available punctal
plug materials, designs, and uses, as well as the complications
associated with punctal plugs treatment. Overall, the authors
concluded that punctal plugs were an effective and relatively safe
means for treating dry eye.

AUTHORS' CONCLUSIONS

Implications for practice

The effectiveness of punctal plugs for treating dry eye syndrome
cannot be assessed based on the evidence in this updated
systematic review. The investigators of the included studies suggest
that punctal plugs are efficacious, but the strength of the evidence
is limited due to high methodological and clinical heterogeneity.
Effectiveness may vary by the characteristics of the punctal plug,
i.e., placement, materials used, shape, and size. It is also possible
that punctal plugs may not be an effective treatment for every
patient based upon the classification, etiology, and severity of dry

eye. Thus, additional randomized trials are necessary to assess the
effectiveness of punctal plugs based on design, classification of
disease, and against the appropriate gold standard treatment.

Overall, punctal plugs are believed to be a relatively safe treatment,
yet their use is not without potential complications, including
epiphora, punctal plug loss, or rarely, a more serious complication
such as dacryocystitis.

Implications for research

The current evidence suggests that punctal plugs are a modestly
effective means of treating dry eye, though we cannot draw
strong conclusions about the effectiveness of punctal plugs
based on the findings of this systematic review. Heterogeneity
in methodology among the included studies, such as varied
participant characteristics, testing protocols, follow-up periods,
punctal plug designs and comparison interventions were limiting
factors. The limitations highlighted in this review should be
addressed in future trials to maximize study comparability and
enable more comprehensive and generalizable conclusions about
the utility of punctal plugs for treating dry eyes.

Investigators should recruit a sufficient number of participants
utilizing statistical techniques to determine the appropriate sample
size based on the anticipated treatment effect. Trial investigators
should also avoid quasi randomization and should employ
appropriate methods for allocation concealment and masking of
participants and personnel assessing outcomes. When masking of
personnel administering the intervention is not possible, excluding
these persons from the assessment of treatment outcomes through
use of masked examiners and objective outcomes minimizes
information bias. Assessment of outcomes at two months or
longer should be considered to provide evidence of the long
term effect of punctal occlusion. Standardized patient oriented
outcome measures would allow comparisons across individual
studies. As well, investigators should report the unit of analysis
and appropriately account for the correlation among fellow eyes in
analyses.

Future randomized controlled trials on dry eye should examine
the efficacy of punctal plugs for treating the two primary types
of dry eye, aqueous deficient and evaporative dry eye, or more
specifically the utility of using punctal plugs for treating conditions
like Sjogren's syndrome (DEWS 2007a). Comparisons of punctal
plugs and other dry eye treatments such as topical cyclosporine
and serum should be conducted to guide treatment decisions for
each classification of dry eye (DEWS 2007b).
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

Altan-Yaycioglu 2005

Methods Study design: parallel randomized controlled trial

Unit of analysis: unclear as trial investigators did not report if they had only included one eye in the
analysis or took the averaged of both eyes

Unit of randomization: participant, both eyes received the same intervention
How were missing data handled? No missing data reported
Reported power calculation: NR

Unusual study design: 22 eyes of age- and gender-matched healthy volunteers were included (tear pro-
duction and film stability, lacrimal scintigraphy measurements only; no punctal plugs inserted)

Participants Country: Turkey
Number randomized:
24 participants (48 eyes) in total
11 participants (22 eyes) in collagen punctal plugs group
13 participants (26 eyes) in silicone punctal plugs group
Exclusions after randomization: none reported
Number analyzed:
24 participants (48 eyes) in total
11 participants (22 eyes) in collagen punctal plugs group
13 participants (26 eyes) in silicone punctal plugs group
Losses to follow-up: none reported
Overall mean age (SD): NR
Age range: NR
Sex (%): 21 women (88%) and 3 men (12%) in total; by group not reported

Inclusion criteria: participants were diagnosed with aqueous tear deficiency; no previous history of
punctal plug insertion. All using artificial tears with no subjective or objective improvement in symp-
toms

Exclusion criteria: NR

Interventions No mention of artificial tears use
Intervention 1: collagen punctal plugs were inserted in the lower punctum
Punctal plug model: NR
Manufacturer of punctal plug: Lacrimedics
Location of manufacturer: Eastsound, WA
Intervention 2: silicone punctal plugs were inserted in the lower punctum

Punctal plug model: Odyssey-Parasol Punctal Occluder A14 to 203
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Altan-Yaycioglu 2005 (Continued)

Manufacturer of punctal plug: Oasis Medical
Location of manufacturer: Memphis, TN
Length of follow-up:

Planned: protocol not available
Actual: 3 days

Outcomes Primary and secondary outcome were not distinguished.
Outcomes reported: tear production (Schirmer | test at 5 minutes performed before and immediately
after occlusion); tear film stability (tear break-up time (TBUT) measured in seconds before and immedi-
ately after occlusion); ocular surface staining (Rose Bengal strip before and 3 days after occlusion)
Adverse events reported: authors reported "no adverse events," but did not define which adverse
events were collected
Intervals at which outcomes assessed: before treatment, after treatment, and 3 days post-treatment
Notes Trial registry: NR
Type of study: published full-text
Funding sources: NR
Disclosures of interest: NR
Study period: NR
Reported subgroup analyses: none reported
Investigators did not discuss how they accounted for the correlation between eyes of the same person
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Sequence generation not reported
tion (selection bias)
Allocation concealment Unclear risk Allocation concealment not reported
(selection bias)
Masking of participants Unclear risk Not described, but given the treatment groups it is not possible to mask partic-
and personnel (perfor- ipants and people administering interventions.
mance bias and detection
bias)
Masking of outcome as- Unclear risk Nuclear medicine specialist (outcome assessor) evaluating lacrimal scintigra-
sessment (detection bias) phy images was masked to treatment assignment (but not an outcome of this
review)
Unclear whether other outcome assessors masked
Incomplete outcome data  Unclear risk No sample size information included in Results section, so it is unclear
(attrition bias) whether all participants completed follow-up examinations. Most outcomes
All outcomes assessed immediately after insertion of the punctal plugs (ocular surface stain-
ing assessed 3 days after occlusion)
Selective reporting (re- Unclear risk Insufficient information to determine. Trial registry information and protocol
porting bias) were not available for comparison
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Altan-Yaycioglu 2005 (Continued)

Other bias Unclear risk Insufficient information to determine. Source of funding and conflict of inter-
est not reported

Brissette 2015

Methods Study design: paired-eye randomized controlled trial
Unit of analysis: eyes; no mention of analysis accounting for correlation between the left and right eye
Unit of randomization: each eye of each participant was randomized to a different intervention
How were missing data handled? Excluded from analysis
Reported power calculation: sample size = 50 participants (25 participants per group); power = 80.7%

Unusual study design: none

Participants Country: Canada
Number randomized:
26 participants (52 eyes) in total
26 participants (26 eyes) in collagen punctal plugs group
26 participants (26 eyes) in silicone punctal plugs group
Exclusions after randomization: none reported
Number analyzed:
25 participants (50 eyes) in total
25 participants (25 eyes) in collagen punctal plugs group
25 participants (25 eyes) in silicone punctal plugs group
Losses to follow up:
1 participant (2 eyes) in total
1 participants (1 eyes) in collagen punctal plugs group
1 participants (1 eyes) in silicone punctal plugs group
Mean age (SD): 60.05 years (NR) overall
61.7 (17.67) years in the collagen punctal plug group
58.4 (16.18) years in the silicone punctal plug group
Age range: NR
Sex (%): 21 women (81%) and 5 men (19%) in total
10 women (77%) and 3 men (23%) in the collagen punctal plug group
11 women (85%) and 2 men (15%) in the silicone punctal plug group

Inclusion criteria: "moderate to severe subjective dry eye symptoms as per the Canadian Dry Eye As-
sessment (CDEA), a validated dry eye symptoms questionnaire based on the Ocular Surface Disease In-
dex (OSDI)" (p 239)
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Brissette 2015 (Continued)

Exclusion criteria: "dry eye secondary to systemic inflammatory conditions, punctal cautery, punctal
stenosis, silicone allergy, and inability to attend multiple follow-up visits for 6 months" (p 239)

Interventions

Both groups were allowed to use artificial tears throughout the follow up period
Intervention 1: collagen punctal plugs were inserted in the lower punctum
Punctal plug model: Parasol

Manufacturer of punctal plug: Odyssey Medical

Location of manufacturer: Memphis, TN, USA

Intervention 2: silicone punctal plugs were inserted in the lower punctum
Punctal plug model: Super Flex

Manufacturer of punctal plug: Eagle Vision

Location of manufacturer: Memphis, TN, USA

Length of follow-up:

Planned: 6 months

Actual: 6 months

Outcomes

Primary outcomes reported: punctal plug retention at 6 months

"Retention was characterized by last examined date with the punctal plug in place. For example, if a
patient returned for his or her 4-month visit, and the plug was gone, the plug was recorded as 3 months
of retention." (p 239)

Secondary outcomes reported: Schirmer | (mm), tear meniscus height as measured at the slit lamp
(mm), TBUT (in seconds), inferior fluorescein corneal staining (National Eye Institute (NEI) scale), and
average lissamine green conjunctival staining (NEI scale), artificial tear drop frequency

Adverse events reported: none reported

Intervals at which outcomes assessed: monthly for primary outcome up to 6 months; months 1, 3,
and 6 for secondary outcomes

Notes

Trial registry: NCT01947517 (clinicaltrials.gov)

Type of study: published full-text

Funding sources: "The authors indicate no funding support" (p 242)
Disclosures of interest: "none were reported" (p 242)

Study period: September 2013 to May 2014 (from clinicaltrials.gov)

*We contacted the authors via email and have received additional information

Risk of bias

Bias

Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "Randomization was achieved using a mathematical computer-generated al-
location schema based on permuted blocks with blocks of random sizes" (p
239).

"Each eye was assigned randomly with equal probability to receive either Su-
per Flex or Parasol brand punctal plugs" (p 239).
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Brissette 2015 (Continued)

Allocation concealment Low risk From email correspondence with authors: "we had opaque envelopes with as-

(selection bias) signment once deemed eligible for inclusion."

Masking of participants Low risk "Participants and all study staff, except an unmasked investigator (A.B.) who

and personnel (perfor- inserted punctal plugs, were masked to treatment arms" (p 239).

mance bias and detection

bias)

Masking of outcome as- Low risk "Plug retention and all other secondary outcomes were evaluated by 1 exam-

sessment (detection bias) iner masked to the treatment arms (Z.M.)" (p 239).

Incomplete outcome data  Low risk 2/50 eyes (4%) were excluded from analysis

(attrition bias)

All outcomes

Selective reporting (re- Low risk Trial was registered at clinicaltrials.gov and all pre-specified outcomes in the

porting bias) registry were reported in the full-text publications.

Other bias Low risk "All authors have completed and submitted the ICMJE form for disclosure of
potential conflicts of interest and none were reported. The authors indicate no
funding support" (p 242).

Burgess 2008
Methods Study design: parallel randomized controlled trial

Unit of analysis: unclear as both eyes of 15 participants could have receive the same or different inter-

vention

Unit of randomization: “each eye was treated as independent for the purposes of the study” (p 391)

How were missing data handled? NA, no missing data reported

Reported power calculation: NR

Unusual study design: authors did not perform the appropriate pair-wise analysis and each eye treated

as being independent

Participants

Country: UK (assumed from author's origin)

Number randomized:

21 participants (36 eyes) in total

NR participant (18 eyes) in silicone punctal plug group

NR participants (18 eyes) in acrylic punctal plug group

Exclusions after randomization: none reported

Number analyzed:

21 participants (36 eyes) in total

NR participant (18 eyes) in silicone punctal plug group

NR participants (18 eyes) in acrylic punctal plug group

Losses to follow-up: none reported
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Burgess 2008 (continued)

Overall mean age (SD): 60.0 (NR) years in total; by group not reported
Age range: 33-78 years; by group not reported
Sex (%): 20 women (95%) and 1 man (5%) in total; by group not reported

Inclusion criteria: participants with subjective symptoms consistent with dry eye, tear film break-up
time of <5 seconds, and ocular surface abnormalities as demonstrated by fluorescein or Rose Bengal
staining. All used artificial tears for more than 6 months with no subjective or objective improvement in
symptoms.

Exclusion criteria: use of punctal plugs within previous 6 months or contact lens use

Interventions

Both groups were allowed to use artificial tears throughout the follow up period
Intervention 1: silicone punctal plugs were inserted in the lower punctum
Punctal plug model: Soft Plug

Manufacturer of punctal plug: Oasis Medical

Location of manufacturer: Glendora, CA

Intervention 2: acrylic punctal plugs were inserted in the lower punctum
Punctal plug model: SmartPlugs

Manufacturer of punctal plug: Medennium

Location of manufacturer: Irvine, CA

Length of follow-up:

Planned: NR
Actual: mean follow-up 11.2 weeks (range, 8-18 weeks) in total

11.27 +2.54 weeks in silicone punctal plug group

11.11 +2.56 weeks in acrylic punctal plug group

Outcomes Primary and secondary outcome were not distinguished
Outcomes reported:
Subjective symptoms: dryness, foreign body sensation, grittiness, stinging, pain, itching and burning;
10 cm visual analog scale; scores added to derive a summary score
Tear film stability: TBUT measured in seconds
Tear meniscus height: measured using calibrated slit-lamp in mm, midway between canthi along the
lower lid Average of 3 measurements
Tear production: Schirmer | test without anesthesia
Ocular surface staining: Rose Bengal staining in nasal and temporal cornea and conjunctiva; graded on
0-3 scale; fluorescein staining in 5 areas of cornea; graded on 0-3 scale
Topical artificial tears used
Adverse events reported: NR
Intervals at which outcomes assessed: all above outcomes were assessed before and at approxi-
mately 11 weeks after occlusion (mean 11.2 weeks; range 8 to 18 weeks)

Notes Trial registry: NR
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Burgess 2008 (continued)

Type of study: published full-text
Funding sources: National Health Service Lothian, Edinburgh, UK

Disclosures of interest: "the authors state that they have no proprietary interest in the products
named in this article"

Study period: NR

Reported subgroup analyses: none reported

Risk of bias

Bias

Authors' judgement Support for judgement

Random sequence genera-  Low risk Blocked randomization; computer generated numbers
tion (selection bias)
Allocation concealment Unclear risk Allocation concealment not discussed in manuscript
(selection bias)
Masking of participants Low risk Participants were also masked to treatment assignment
and personnel (perfor-
mance bias and detection
bias)
Masking of outcome as- Low risk Outcome assessments performed by investigators not involved in the treat-
sessment (detection bias) ment administration and not informed of treatment status
Incomplete outcome data  Unclear risk Sample size information is not included for all outcomes, so it is unclear
(attrition bias) whether all randomized participants completed follow-up examinations
All outcomes
Selective reporting (re- Unclear risk Study protocol was not available to make comparison. All outcomes reported
porting bias) in the methods section were reported
Other bias Unclear risk Received government funding (National Health Service Lothian, Edinburgh,
UK)
Chen 2010
Methods Study design: parallel randomized control trial

Unit of analysis: unclear as trial investigators did not report if they had only included one eye in the
analysis or took the averaged of both eyes

Unit of randomization: participant, both eyes received the same intervention
How were missing data handled? NA
Reported power calculation: no

Unusual study design: the study included 40 participants, 20 of whom were healthy controls. For this
review, we will only refer to 20 dry eye participants. Healthy controls were also randomly assigned:
"The 40 eyes of the normal subjects (group 1) were similarly assigned to group IIA (upper punctal occlu-
sion group, n = 20 eyes) or group 1B (lower punctal occlusion group, n =20 eyes)."

Participants

Country: China
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Chen 2010 (continued)

Number randomized:

Total: 20 participants (40 eyes)

Per group: 10 participants (20 eyes)

Exclusions after randomization: none

Number analyzed:

Total: 20 participants (40 eyes)

Per group: 10 participants (20 eyes)

Losses to follow-up: none

Mean age * SD (years): 22.5 + 2.4 total; by group not reported

Sex (%): 16 women (80%) and 4 men (20%); by group not reported

Inclusion criteria: subjective symptoms of dry eye, a Schirmer | test result <5 mm or TBUT <5 sec-
onds, and evidence of corneal surface damage on fluorescein staining

Exclusion criteria: history of atopy; allergic diseases; Stevens-Johnson syndrome; chemical, thermal,
or radiation injury; or any other ocular or systemic disorder or had undergone any ocular surgery or
contact lens use that would create an ocular surface problem or dry eye; lacrimal dysfunction, as deter-
mined by slit lamp examination and irrigation

Equivalence of baseline characteristics: yes

Interventions

No mention of artificial tear use

Intervention 1: collagen punctal plugs in the lower puncta (1A)
Punctal plug model: NR

Manufacturer of punctal plug: Lacrimedics

Location of manufacturer: Eastsound, WA

Intervention 2: collagen punctal plugs in the upper puncta (1B)
Punctal plug model: NR

Manufacturer of punctal plug: Lacrimedics

Location of manufacturer: Eastsound, WA

Length of follow-up:

Planned: protocol not available

Actual: 10 days

Outcomes

Primary and secondary outcome not differentiated, as defined in study reports: symptom scoring,
upper and lower tear menisci, tear breakup time, corneal fluorescein staining, and Schirmer | test

Adverse events reported: "no complication was observed in dry eye patients or control subjects dur-
ing the period of this study"

Intervals at which outcomes assessed: day 1,4, 7, and 10

Notes

Trial registry: NR

Type of study: published full-text
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Chen 2010 (continued)

Funding sources: Chinese National Science and Technology Development Supporting Program and
Zhejiang Provincial Program for the Cultivation of High-level Innovative Health Talents

Disclosures of interest: none
Study period: NR
Reported subgroup analyses: yes, healthy controls and dry eye groups

Did trial investigators need to be contacted? yes

Risk of bias

Bias

Authors' judgement Support for judgement

Random sequence genera-  Unclear risk Sequence generation not discussed in manuscript

tion (selection bias)

Allocation concealment Unclear risk Allocation concealment not discussed in manuscript

(selection bias)

Masking of participants Unclear risk Not described, but given the treatment groups it is not possible to mask partic-

and personnel (perfor- ipants or people administering interventions

mance bias and detection

bias)

Masking of outcome as- Unclear risk Not reported

sessment (detection bias)

Incomplete outcome data  Low risk No missing data

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Study protocol was not available to make comparison. All outcomes reported

porting bias) in the Methods section were reported

Other bias Unclear risk Received government funding (Chinese National Science and Technology De-
velopment Supporting Program and Zhejiang Provincial Program for the Culti-
vation of High-level Innovative Health Talents)

Farrell 2003
Methods Study design: parallel randomized controlled trial

Unit of analysis: unclear as trial investigators did not report if they had only included one eye in the
analysis or took the averaged of both eyes

Unit of randomization: participant, both eyes received the same intervention
How were missing data handled? NA
Reported power calculation: NR

Unusual study design: 45 age- and gender- matched healthy volunteers were included (for comparison
with dry eye participant baseline measurements only; no punctal plugs inserted)

Participants

Country: UK

Number randomized:
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Farrell 2003 (continued)

62 participants (121 eyes) in total

NR participants (71 eyes) in lower punctum group

NR participants (50 eyes) in lower and upper punctum group
Exclusions after randomization: none reported

Number analyzed:

62 participants (121 eyes) in total

NR participants (71 eyes) in lower punctum group

NR participants (50 eyes) in lower and upper punctum group
Losses to follow-up: none reported

Overall mean age (SD): NR

Age range: 24-87 years

Sex (%): 52 women (84%) and 10 men (16%) in total; by group not reported

Inclusion criteria: (at least 3 of the 4 had to be met to be eligible): Schirmer score < 10 mm at 5 min-
utes; TBUT < 10 seconds; Mucin filaments and tear meniscus discontinuity; Rose Bengal score of = 3.5
(corneal epithelium and bulbar conjunctiva)

Exclusion criteria: NR

Interventions No mention of artificial tears use
Intervention 1: collagen punctal plugs were inserted in the lower punctum of 71 eyes
Punctal plug model: NR
Manufacturer of punctal plug: Lacrimedics, Inc
Location of manufacturer: NR
Intervention 2: collagen punctal plugs were inserted in the lower and upper puncta of 50 eyes
Punctal plug model: NR
Manufacturer of punctal plug: Lacrimedics, Inc
Location of manufacturer: NR

Length of follow-up:
Actual: 12 days

Outcomes Primary and secondary outcome were not distinguished.
Outcomes reported:

« Subjective symptoms: McMonnies symptom questionnaire (modified); 1 point for each reported
symptom; scores added to derive a summary score

« Tear film stability: tear thinning time measured in seconds; average of 3 measurements

« Tear meniscus height: measured using video slit-lamp in mm, midway between the canthi along the
lower lid; Average of 3 measurements

Adverse events reported:

Intervals at which outcomes assessed: 5 and 12 days after occlusion
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Farrell 2003 (continued)

Notes Trial registry: NR
Type of study: published full-text
Funding sources: Lacrimedics, Inc donated collagen plugs
Disclosures of interest: "none of the authors have any other vested interest in Lacrimedics Inc. or their
products"
Study period: NR
Reported subgroup analyses: none reported
Each eye treated as independent
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk Sequence generation not discussed in manuscript
tion (selection bias)
Allocation concealment Unclear risk Allocation concealment not discussed in manuscript
(selection bias)
Masking of participants Low risk Participants were also masked to treatment assignment
and personnel (perfor-
mance bias and detection
bias)
Masking of outcome as- Low risk Outcome assessors measuring tear parameters were masked
sessment (detection bias)
Incomplete outcome data  Low risk Sample sizes reported in the results were consistent with the number random-
(attrition bias) ized, so no loss to follow-up or missing data
All outcomes
Selective reporting (re- Unclear risk Insufficient information to determine
porting bias)
Other bias Unclear risk Insufficient information to determine
Feng 2011
Methods Study design: unclear if it was a parallel or paired-eye randomized controlled trial

Unit of analysis: eyes; no mention of analysis accounting for correlation between the left and right eye

Unit of randomization: unclear if each eye of each participant were randomized to the same or differ-

ent interventions

How were missing data handled? NR

Reported power calculation: none reported

Unusual study design: no

Participants

Country: China
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Feng 2011 (Continued)

Number randomized:

Total: 54 participants (108 eyes)

Per group: 27 participants (54 eyes)

Exclusions after randomization: none

Number analyzed:

Total: 54 participants (108 eyes)

Per group: 27 participants (54 eyes)

Losses to follow-up: NR

Mean age * SD: 20 + 6 years; by group not reported

Age range: 18-34 years in total; by group not reported

Sex (%): 19 men (35%) and 35 women (65%) in total; by group not reported
Inclusion criteria: "patients treated with LASIK in our hospital" (p 1666)

Exclusion criteria: NR

Interventions Intervention 1: collagen punctual occlusion
Punctal plug model: A12-103
Manufacturer of punctal plug: Odyssey
Location of manufacturer: NR
Intervention 2: artificial tear (dextran and hypromellose eye drops) by Alcon, 1 drop 3 times/day.
Length of follow-up:
Planned: protocol not available

Actual: 2 weeks after punctual occlusion surgery

Outcomes Primary and secondary outcome were not distinguished.
Outcomes reported:

« Schirmer | test
« TBUT
« fluorescein staining test

Adverse events reported: NR

Intervals at which outcomes assessed: NA

Notes Type of study: published
Funding sources: NR
Disclosures of interest: NR
Study period: June 2009 to September 2009
Reported subgroup analyses: no

Do trial investigators need to be contacted?
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Feng 2011 (Continued)

Yes, the investigators need to be contacted for randomization method

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk The investigator stated "we randomly picked 54 patients (108 eyes) receiving

tion (selection bias) LASIK surgery in our hospital from June to September in 2009 ... The patients
were randomly assigned to 2 groups, 27 individuals (54 eyes) in each group (p
1666)"
The trial investigator did not describe how the random sequence were gener-
ated.

Allocation concealment Unclear risk Not described, but given the treatment groups it is not possible to mask partic-

(selection bias) ipants or people administering interventions.

Masking of participants Unclear risk Due to the nature of the treatments, participants and personnel cannot be

and personnel (perfor- masked for this study, and the results are likely to be influenced by the lack of

mance bias and detection masking.

bias)

Masking of outcome as- Unclear risk The investigator stated that "all the tests and surgeries were conducted by the

sessment (detection bias) same physician", thus the outcome assessor (i.e., the physician) were aware of
the interventions.

Incomplete outcome data  Unclear risk Dropouts were not reported

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Study protocol is not available and all of the outcomes were reported as pre-

porting bias) specified in the Methods section

Other bias Unclear risk Funding sources and disclosures of interest were not reported.

Kaido 2012
Methods Study design: parallel randomized controlled trial

Unit of analysis: right eye of each participant

Unit of randomization: participant; both eyes received the same treatment but only the right eye was

analyzed

How were missing data handled? NA

Reported power calculation: none reported

Unusual study design: unclear whether both of eyes had similar values of TBUT at baseline

Participants

Country: Japan

Number randomized:

43 participants (43 eyes) in total

19 participants (19 eyes) in upper occlusion group

24 participants (24 eyes) in lower occlusion group
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Kaido 2012 (continued)

Exclusions after randomization: none

Number analyzed:

43 participants (43 eyes) in total

19 participants (19 eyes) in upper occlusion group

24 participants (24 eyes) in lower occlusion group

Losses to follow-up: none

Mean age + SD: 55.8 + 16.1 years; by group not reported

Age range: 22-82 years in total; by group not reported

Sex (%): 9 men (21%) and 34 women (79%) in total; by group not reported
Inclusion criteria:

« Previously used non-preserved artificial tear drops but still complained of persistent visual dry eye
symptoms (fatigue; blurred vision; not being able to perform continued visual tasks such as watching
television, reading, video)

« TBUT values <5 seconds

« No positive fluorescein staining or scores < 3 points (based on the Japanese dry eye diagnostic criteria
and van Bijsterveld scoring system (scale of 0 to 9 points)

Exclusion criteria:

« Sjogren syndrome diagnosed by Fox criteria

« Cicatricial keratoconjunctival diseases

« Undergone penetrating keratoplasty

« Use of contact lenses

« Cconvergence insufficiency, accommodative disorders, phorias, and corneal hypoesthesia
« Conjunctivochalasis and meibomian gland disease

« Glaucoma, uveitis, and retinal disease

Interventions

No mention of artificial tears

Intervention 1: silicone punctal plugs in the lower puncta
Punctal plug model: Super Flex plug

Manufacturer of punctal plug: Eagle Vision

Location of manufacturer: Memphis, TN

Intervention 2: silicone punctal plugs in the upper puncta
Punctal plug model: Super Flex plug

Manufacturer of punctal plug: Eagle Vision

Location of manufacturer: Memphis, TN

Length of follow-up:

Planned: protocol not available

Actual: 1 month

Outcomes Primary and secondary outcomes not differentiated, as defined in study reports:
 Schirmer test (mm of wetting for 5 minutes)
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Kaido 2012 (continued)

« TBUT

 Fluorescein staining score

« Visual acuity and functional visual acuity (including visual maintenance ratio and blink frequency)
« Participant satisfaction with occlusion treatment

Adverse events reported: no

Intervals at which outcomes assessed: 1 month

Notes Type of study: published full-text
Trial registry: NR
Funding sources: NR
Disclosures of interest: "The authors have no financial or conflicts of interest to disclose (p 1009)."
Study period: NR
Reported subgroup analyses: no

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Sequence generation not discussed in manuscript

tion (selection bias)

Allocation concealment Unclear risk Allocation concealment not discussed in manuscript

(selection bias)

Masking of participants Unclear risk Not described, but given the treatment groups it is not possible to mask partic-

and personnel (perfor- ipants or people administering interventions

mance bias and detection

bias)

Masking of outcome as- Unclear risk Not reported

sessment (detection bias)

Incomplete outcome data  Low risk No missing data

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Insufficient information to determine

porting bias)

Other bias Unclear risk Source of funding was not reported and authors explicitly stated no conflicts

of interest
Lowther 1995

Methods Study design: paired-eye randomized controlled trial
Unit of analysis: eyes; no mention of analysis accounting for correlation between the left and right eye
Unit of randomization: eyes; each eye of each participant were randomized to a different intervention
How were missing data handled? NA
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Lowther 1995 (continued)

Reported power calculation: yes, sample size = 32 (64 eyes); P value = 0.05; 50% of the patients indi-

cated that the eye with the implants was better, 25% said the opposite eye was better, and 25% said no

difference

Unusual study design: authors did not perform the appropriate pair-wise analysis and each eye treated
as independent

Participants

Country: USA (assumed from author's origin)

Number randomized:

Total: 32 participants (64 eyes)

Per group: 32 eyes

Exclusions after randomization: none reported

Number analyzed: 32 participants (64 eyes); 32 eyes in each group
Losses to follow-up: none reported

Overall mean age (SD): participant age was collected but not reported
Age range: participant age was collected but not reported

Sex (%): NR

Inclusion criteria: participants reporting bilateral dry eye symptoms (based on responses to a modi-
fied McMonnies' questionnaire) and wearing hydrogel contact lenses were included

Exclusion criteria: none reported

Interventions

No mention of artificial tears

Intervention 1: collagen intracanalicular plugs were inserted in the upper and lower puncta
Punctal plug model: 0.3 mm diameter

Manufacturer of punctal plug: Lacrimedics, Inc.

Location of manufacturer: Rosemead, CA

Intervention 2: sham plug insertion in participants contralateral eye

Length of follow-up:

Planned: protocol not available
Actual: 5 days

Outcomes

Primary and secondary outcome were not distinguished.

Outcomes reported:

Subjective symptoms: McMonnies symptom questionnaire (modified)
Tear meniscus height: measured using video slit-lamp in mm

Tear film stability: TBUT measured in seconds

Ocular surface staining: Rose Bengal and fluorescein staining scored 0 (no staining) to 4 (heavy, coa-
lesced staining)

Tear lactoferrin immunoassay test: lactoplate tear lactoferrin immunoassay test; left in cul-de-sac for
2-4 minutes; precipitation ring diameter measured in mm 3 days later
Adverse events reported:
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Lowther 1995 (continued)

Intervals at which outcomes assessed: before and at 5 days after occlusion

Notes Trial registry: NR
Type of study: published full-text
Funding sources: funded by Bausch and Lomb inVision Institute; Eagle Vision, Inc. supplied implants
and Lactoplate tests
Disclosures of interest: NR
Study period: NR
Reported subgroup analyses: none reported
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Sequence generation not discussed in manuscript. "The patients were ran-
tion (selection bias) domly assigned to have the implants put into either the right or the left eye but
were lead to believe that implants were put in both eyes" (p 238).
Allocation concealment Unclear risk Allocation concealment not discussed in manuscript. "The eye to receive the
(selection bias) implants was determined just before insertion by randomization" (p 239).
Masking of participants Low risk Participants were also masked to treatment assignment. "All of the steps of in-
and personnel (perfor- serting the implants were performed on both eyes, but an implant was insert-
mance bias and detection ed in the upper and lower punctum of one eye only. Therefore, the patients
bias) did not know that only one eye received the implants. Because the patients
did not know that the puncta of only one eye received the implants and the in-
vestigator making the measurements did not know which eye of the patient
received the implant, the study was double masked" (p 239).
Masking of outcome as- Low risk Outcome assessors were masked. "Because the patients did not know that the
sessment (detection bias) puncta of only one eye received the implants and the investigator making the
measurements did not know which eye of the patient received the implant,
the study was double masked" (p 239).
Incomplete outcome data  Low risk Sample sizes reported in the results were consistent with the number random-
(attrition bias) ized, so no loss to follow-up or missing data
All outcomes
Selective reporting (re- Unclear risk Insufficient information to determine. Trial registry information and protocol
porting bias) not available for comparison
Other bias Unclear risk Insufficient information to determine. The source of funding of the study
(Bausch and Lomb inVision Institute) was different from the manufacturer
(Lacrimedics, Inc.)
Mansour 2007
Methods Study design: paired-eye randomized controlled trial
Unit of analysis: eyes; no mention of analysis accounting for correlation between the left and right eye
Unit of randomization: each eye of each participant was randomized to a different intervention
How were missing data handled? Participants lost to follow-up were excluded from analysis
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Mansour 2007 (Continued)

Reported power calculation: NR

Unusual study design: authors did not perform the appropriate pair-wise analysis and each eye treated
as independent

Participants

Country: Netherlands (assumed from location of ethics committee)
Number randomized:

Total: 20 participants (40 eyes)

Per group: 20 eyes in each group

Exclusions after randomization: none reported

Number analyzed: 13 participants (26 eyes); 13 eyes in each group
Losses to follow-up: 7 participants (14 eyes); 7 eyes in each group
Overall mean age (SD): NR

Age range: NR

Sex (%): 17 women (85%) and 3 men (15%)

Inclusion criteria: European criteria for the diagnosis of Sjogren's syndrome were used to identify el-
igible participants: subjective symptom report (ocular and oral symptoms of dryness). Schirmer test,
Rose Bengal staining, and TBUT; xerostomia

Exclusion criteria: none reported

Interventions

No mention of artificial tears

Intervention 1: silicone punctal plugs inserted in the upper and lower puncta
Punctal plug model: tapered-shaft silicone punctal plugs, 0.7 mm diameter
Manufacturer of punctal plug: Eagle Vision

Location of manufacturer: Memphis, TN

Duration of plug occlusion was 6 to 20 weeks

If plugs extruded during course of study, larger plug inserted and follow-up deferred for period of at
least 6 weeks

Intervention 2: other eye of participant remained unoccluded
Length of follow-up:

Planned: protocol not available
Actual: between 6 to 20 weeks

Outcomes

Primary and secondary outcome were not distinguished.
Outcomes reported:

Subjective discomfort (at least 1 of the following complaints): foreign body sensation, photophobia,
stinging, pain, burning, and ocular fatigue

Subjective symptoms: abovementioned symptom discomfort complaints scored and scores added to
derive a summary score (0 to 10)

Tear production: Schirmer test without anesthesia

Ocular surface staining: Rose Bengal staining scored according to Van Bijsterveld classification
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Mansour 2007 (Continued)

Mucus debris: measured on scale of 0 (no mucus debris) to 3 (mucus threads and filaments)
Adverse events reported: NR

Intervals at which outcomes assessed: before and at least 6 weeks after occlusion

Notes Trial registry: NR
Type of study: published full-text
Funding sources: NR
Disclosures of interest: NR
Study period: NR
Reported subgroup analyses: none reported
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Computer generated randomization scheme. "The eye to be occluded was
tion (selection bias) chosen at random using a computer-generated randomization scheme" (p
148).
Allocation concealment Unclear risk Allocation concealment not discussed in manuscript
(selection bias)
Masking of participants Unclear risk Not described, but given the treatment groups it is not possible to mask partic-
and personnel (perfor- ipants or people administering interventions
mance bias and detection
bias)
Masking of outcome as- High risk The same investigator performed all measurements and was presumably un-
sessment (detection bias) masked to treatment assignment
Incomplete outcome data  High risk 6/20 participants (30%) excluded from the analysis because of spontaneous
(attrition bias) plug loss and 1 excluded after an inflammatory reaction to plug material
All outcomes
Selective reporting (re- Unclear risk Insufficient information to determine. Trial registry information and protocol
porting bias) were not available for comparison
Other bias Unclear risk Insufficient information to determine. Funding source and disclosure of inter-

est not reported

Nava-Castaneda 2003

Methods

Study design: parallel randomized controlled trial

Unit of analysis: unclear as trial investigators did not report if they had only included one eye in the
analysis or took the averaged of both eyes

Unit of randomization: participant, both eyes received the same intervention

How were missing data handled? NA, no missing data reported

Reported power calculation: yes, sample size = 30 participants in each group; "based on the assump-
tion that 80% of the patients subjected to canalicular occlusion would have a successful outcome (re-
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Nava-Castaneda 2003 (Continued)

duction in dry eye/conjunctivitis symptoms), in contrast to 30% of those receiving medical treatment
alone (artificial tears). It was further assumed that 74 patients would have to be randomized to the 2
treatment groups to allow for dropouts and ensure that 60 patients would complete the study" (p 11)

Participants

Country: Mexico

Number randomized:

61 participants (122 eyes) in total

31 participants (31 eyes) in Collagen/silicone plug group

30 participants (30 eyes) in sham group

Exclusions after randomization: 1 participant (2 eyes)

Number analyzed: 60 participants (120 eyes); 30 participants (60 eyes) in each group
Losses to follow-up: none reported

Overall mean age (SD): 49.8 (NR) years in total; by group not reported

Age range: 23-80 years

Sex (%): 50 women (82%) and 11 men (18%) in total; by group not reported

Inclusion criteria: 18-80 years old, 2 subjective symptoms of dry eye, ocular surface abnormalities as
demonstrated by fluorescein score > 1, conjunctivitis of = 1 month

Exclusion criteria: participants were excluded if dry eye attributed to other ocular conditions (see Na-
va-Castaneda 2003) or if diagnosed with asthma

Interventions

No mention of artificial tears use

Intervention 1: collagen/silicone plug group (experimental):
Punctal plug model: NR

Manufacturer of punctal plug: Lacrimedics

Location of manufacturer: Eastsound, WA

Collagen punctal plugs inserted in the upper and lower canaliculi of both eyes. 2 weeks after initial in-
sertion, 1 silicone punctal plug inserted in the upper and 2 collagen plugs inserted in lower canaliculi of
both eyes. 4 weeks after initial insertion, permanent plug inserted in lower canaliculi

Control: sham plug insertion at same intervals as collagen/silicone plug group. Same procedures as
collagen/silicone group, but eyes were not occluded

Length of follow-up:

Planned: protocol not available
Actual: 8 weeks after initial occlusion

Outcomes Primary and secondary outcome were not distinguished.

Outcomes reported:
Subjective symptoms: visual performance and comfort; assessed using a 10 cm visual analogue scale,
very poor vision/very uncomfortable and very good vision/very comfortable at the boundaries of the
scale
Frequency and severity of dry eye (watery eyes, itching, burning, dryness, fluctuating vision, sandy/for-
eign body sensation, light sensitivity) and conjunctival (discharge and redness) symptoms; frequency
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Nava-Castaneda 2003 (Continued)

scored 0 (never) to 5 (continually, every hour of the day) and severity 0 (no symptom) to 3 (severe); fre-
quency and severity score for each symptom multiplied and scores summed to derive summary score.

Ocular surface staining: fluorescein staining scored 0 (absent) to 4 (severe)
Topical artificial tears used: frequency scored 0 (never) to 5 (continually, every hour of the day)

Visual acuity
Adverse events reported: yes, corneal ulcer (1 participant; not related to treatment) and epiphora (1
participant; related to treatment)

Intervals at which outcomes assessed: before and at 1 hour and 2, 4, 8 weeks after initial occlusion

Notes

Trial registry: NR

Type of study: published full-text
Funding sources: Lacrimedics, Inc
Disclosures of interest: none reported
Study period: NR

Reported subgroup analyses: none reported

Risk of bias

Bias

Authors' judgement  Support for judgement

Random sequence genera-  Low risk Computer-generated randomization scheme.

tion (selection bias)

Allocation concealment Low risk Random assignments prepared by Statistical Committee and placed in sealed

(selection bias) envelopes numbered 1-74; randomization list maintained by Statistical Com-
mittee

Masking of participants Low risk Participants masked to treatment assignment. "Patients subjected to the

and personnel (perfor- sham procedure were treated identically to the collagen/silicone plug implan-

mance bias and detection tation group (i.e., the punctum was dilated and the canaliculus probed), ex-

bias) cept that a plug was not actually inserted" (p 11).

Masking of outcome as- Low risk Outcome assessors masked to treatment assignment. "Subsequent patient

sessment (detection bias) evaluations were performed by one of the initial evaluators who were kept un-
informed of the patient's treatment status" (p 11).

Incomplete outcome data  Low risk 1 randomized participant was found to be ineligible, but was not excluded

(attrition bias) from the analysis. 1/61 participants (2%) discontinued treatment and was ex-

All outcomes cluded from the analysis.

Selective reporting (re- Unclear risk Insufficient information to determine although the investigators list the fol-

porting bias) lowing protocol deviations in the publication: 61 patients instead of 60 en-
rolled, 1 patient was ineligible, and covariate analyses were not performed

Other bias Unclear risk Device manufacturer is the funding source

Qiu 2012
Methods Study design: parallel randomized controlled trial
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Qiu 2012 (continued)

Unit of analysis: unclear as trial investigators did not report if they had only included one eye in the
analysis or took the averaged of both eyes

Unit of randomization: participant, both eyes received the same intervention
How were missing data handled? Excluded from analysis
Reported power calculation: NR

Unusual study design: no

Participants

Country: China

Number randomized: 28 participants (56 eyes) in total
12 participants (24 eyes) in punctal plug group

16 participants (32 eyes) in artificial tears group
Exclusions after randomization: none reported
Number analyzed: 28 participants (56 eyes) in total

12 participants (24 eyes) in punctal plug group

16 participants (32 eyes) in artificial tears group
Losses to follow-up: none reported

Mean age (SD): 31.75 (NR) years

31.4 (15.1) years in punctal plug group

32.1(12.8) years in artificial tears group

Age range: 22-67

Sex (%): 18 women (64%) and 10 men (36%) in total; by group not reported

Inclusion criteria: "The entry criteria for the patients were that they were diagnosed with dry eyes at
our ophthalmology clinic and had no evidence of ocular diseases other than those associated with dry
eye changes, such as superficial punctate keratopathy (SPK)" (p 20)

Exclusion criteria: none listed

Interventions

Intervention 1: acrylic punctal plug
Punctal plug model: SmartPLUG500
Manufacturer of punctal plug: Medenium
Location of manufacturer: Irvine, CA

Control: artificial tear solution (Zhuhai Yisheng, Guangdong, China) containing a carbomer gel and ba-
sic fibroblast growth factor

Length of follow-up:
Planned: 2 weeks

Actual: 2 weeks, extended to 4 weeks for corneal fluorescein staining

Outcomes

Primary and secondary outcomes not differentiated

Outcomes, as defined by study:
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« Corneal fluorescein staining (punctate epithelial keratopathy)

« TBUT

« Schirmer | test without anesthesia

» Contrast sensitivity

« Glare disability

« Dry eye questionnaire

Adverse events reported: punctate epithelial keratopathy

Intervals at which outcomes assessed: baseline, 2 weeks

Notes Trial registry: NR
Type of study: published full-text
Funding sources: "seed fund (no. 79495-01) and Linhu fund (no. 79495-02) of Peking University Hospi-
tal"
Disclosures of interest: reported no conflicts of interest
Enrollement period: May 2009 to October 2009
Reported subgroup analyses: none
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk Authors did not report how the random sequence was generated.
tion (selection bias)
"They were randomly assigned into artificial tears group and punctual plugs
group" (p 20)
Allocation concealment Unclear risk Authors did not report how allocation was concealed.
(selection bias)
"They were randomly assigned into artificial tears group and punctual plugs
group" (p 20)
Masking of participants Unclear risk Due to the nature of the treatments, participants and personnel cannot be
and personnel (perfor- masked for this study, and the results are likely to be influenced by the lack of
mance bias and detection masking
bias)
Masking of outcome as- Unclear risk Not reported
sessment (detection bias)
Incomplete outcome data  Unclear risk Only 2/42 lost to follow-up, even across groups. However, reason for lost to fol-
(attrition bias) low-up was not reported
All outcomes
Selective reporting (re- Unclear risk Protocol not available and trial registry number not reported
porting bias)
Other bias Low risk Non-industry funding and reported no conflict of interest
Qiu 2013
Methods Study design: parallel randomized controlled trial
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Qiu 2013 (continued)

Unit of analysis: right eye of each participant

Unit of randomization: participant as only the right eye of each participant was randomized to inter-
vention or control

How were missing data handled? Excluded from analysis
Reported power calculation: NR

Unusual study design: no

Participants

Country: China

Number randomized: 42 participants (42 eyes) in total

22 participants (22 eyes) in punctal plug group

20 participants (20 eyes) in artificial tears group

Exclusions after randomization: none reported

Number analyzed: 40 participants (40 eyes) in total

21 participants (21 eyes) in punctal plug group

19 participants (19 eyes) in artificial tears group

Losses to follow-up: 2 participants (2 eyes) in total

1 participant (1 eye) in punctal plug group

1 participant (1 eye) in artificial tears group

Mean age (SD): overall NR

35.2 (16.5) years in punctal plug group

34.6 (1.3) years in artificial tears group

Age range: 22-67 years

Sex (%): 36 women (90%) and 4 men (10%) in total

19 women (90.5%) and 2 men (9.5%) in the intervention group
17 women (89.5%) and 2 men (10.5%) in the observation group

Inclusion criteria: "patients with dry eye who sought for treatment in our ophthalmology clinic from
March to October in 2010, diagnosed with primary Sjogren's syndrome ...The entry criteria for the pa-
tients were that they were diagnosed with dry eyes at our ophthalmology clinic and had no evidence
of ocular diseases other than those associated with dry eye changes, such as superficial punctuate ker-
atopathy (SPK)" (p 2544).

Exclusion criteria: none specified

Interventions

Intervention 1: acrylic punctal plug

punctal plug model: SmartPLUG500

Manufacturer of punctal plug: Medenium

Location of manufacturer: Irvine, CA

Control: artificial tears (Zhuhai Yisheng, Guangdong, China) containing a carbomer gel and bFGF

Length of follow-up:3 months
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Qiu 2013 (continued)

Planned: 3 months

Actual: 3 months

Outcomes

Primary and secondary outcomes not differentiated
Outcomes, defined by the study:

+ Ocular Surface Disease Index

« Corneal fluorescein staining

« TBUT

« Schirmer | test without anesthesia
« Contrast sensitivity

« Glare disability

Adverse events reported: NR

Intervals at which outcomes assessed: baseline, 3 months

Notes

Trial registry: not reported
Type of study: published full-text

Funding sources: Seed Fund (No. 79495-01) and Linhu fund (no. 79495) of Peking University Third Hos-
pital

Disclosures of interest: no conflicts of interest to report
Enrollement period: March 2010 to October 2010

Reported subgroup analyses: NR

Risk of bias

Bias

Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "The patients were randomly assigned into artificial tears group and punctual
plugs group using a computer-generated random number table" (p 2544).

Allocation concealment
(selection bias)

Low risk "Written allocation assignments were sealed in individual opaque envelopes
marked only with study identification numbers" (p 2544).

Masking of participants
and personnel (perfor-
mance bias and detection
bias)

Unclear risk "All para-clinical examinations and analyses were performed by the same ex-
perienced technician and the same clinical staff who both were masked to the
type of treatment" (p 2544).

However given the nature of the interventions, participants and personnel
could not be masked.

Masking of outcome as-
sessment (detection bias)

Low risk "All para-clinical examinations and analyses were performed by the same ex-
perienced technician and the same clinical staff who both were masked to the
type of treatment" (p 2544).

Incomplete outcome data
(attrition bias)
All outcomes

Low risk "Two patients did not complete the follow-up period and were excluded from
the analysis" (p 2545).

Selective reporting (re- Unclear risk Protocol not available and trial registry number not reported
porting bias)
Punctal occlusion for dry eye syndrome (Review) 63
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Qiu 2013 (continued)
Other bias

Low risk Non-industry funding and reported no conflict of interest

Rabensteiner 2013

Methods

Study design: parallel randomized controlled trial

Unit of analysis: participant; trial investigators reported the average of both eyes of each participant
Unit of randomization: participant; both eyes received the same intervention

How were missing data handled? Excluded from analysis

Reported power calculation: NR

Unusual study design: no

Participants

Country: Austria

Number randomized: 30 participants (60 eyes) in total

15 participants (30 eyes) in silicone punctual plugs group

15 participants (30 eyes) in intracanalicular SmartPlugs group
Exclusions after randomization: none reported

Number analyzed: 30 participants (57 eyes) in total

15 participants (27 eyes) in silicone punctual plugs group

15 participants (30 eyes) in intracanalicular SmartPlugs group
Losses to follow-up: none reported

Mean age (SD): overall NR; by group not reported

Age range: NR

Sex (%): NR

Inclusion criteria: "moderate to severe dry eye syndrome as described by the DEWS report 2007... typ-
ical dry eye symptoms, reduced tear break-up time of less than 5 seconds with either a Schirmer test
without local anesthesia below 5 mm/ 5 min, or a vital staining score of the cornea (fluorescein) and
conjunctiva (Rose Bengal) according to van Bijsterveld (> 3)" (p 522)

Exclusion criteria: "Sjogren's syndrome, eyelid or blinking problems, contact lens use and previous
punctal plug use" (p 522)

Interventions

Both groups used artificial tears as needed

Intervention 1: silicone punctual plugs

Punctal plug model: silicone punctual plugs

Manufacturer of punctal plug: FCl Opthalmics

Location of manufacturer: Issy-les-Moulineaux Cedex, France
Intervention 2: intracanalicular SmartPlugs

Punctal plug model: punctual plugs

Manufacturer of punctal plug: Medenium
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Rabensteiner 2013 (continued)

Location of manufacturer: Irvine, CA
Length of follow-up:
Planned: 3 months

Actual: 3 months

Outcomes Primary and secondary outcomes not differentiated
Outcomes, as defined by study:

» Schirmer | test

« TBUT

« Vital staining

» Subjective symptoms

« Frequency of artificial tear use
« Adverse events reported: no

Intervals at which outcomes assessed: baseline, 3 months

Notes Trial registry: NR
Type of study: published full-text
Funding sources: "no funding source to declare" (p 524)
Disclosures of interest: no conflicts of interest
Enrollement period: unclear

Reported subgroup analyses: no

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk "The 30 patients were randomized into two groups ... using the next available
tion (selection bias) number from a set of block randomized computer numbers" (p 522).
Allocation concealment Unclear risk Not reported

(selection bias)

Masking of participants Low risk Participants were masked to treatment group. "Patients were not informed in-
and personnel (perfor- to which arm of the trial they had been allocated" (p 522).

mance bias and detection

bias)

Masking of outcome as- Unclear risk Not reported

sessment (detection bias)

Incomplete outcome data  High risk Loss to follow-up was differential across groups.

(attrition bias)

All outcomes "All 30 patients completed the study, but in three eyes of group | (collared sili-
cone plugs) spontaneous loss of the plug was noticed at the follow-up visit" (p
522)
"Eyes with a spontaneous lost punctual plug at follow up visit were exclud-
ed" (p 522).
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Rabensteiner 2013 (continued)

Selective reporting (re- Unclear risk Protocol not available and trial registry number not reported

porting bias)

Other bias Unclear risk Non-industry funding and reported no conflict of interest
Roberts 2007

Methods Study design: parallel group randomized controlled trial

Unit of analysis: participant; trial investigators reported the average of both eyes of each participant
Unit of randomization: participant, both eyes received the same intervention

How were missing data handled? Excluded from analyses

Reported power calculation: no

Unusual study design: "for Schirmer testing and rose bengal staining, data were collected from both
eyes and averaged before statistical analysis"

Participants

Country: USA

Number randomized:

32 participants (64 eyes) in total

11 participants (22 eyes) in punctal plug group

11 participants (22 eyes) in cyclosporine group

10 participants (20 eyes) in cyclosporine + punctal plugs
Exclusions after randomization: none

Number analyzed:

30 participants (60 eyes) in total

10 participants (20 eyes) in each group

Losses to follow-up: 2 participants

Mean age: 52.1 years in total; by group not reported
Age range: 38-63 years; by group not reported

Sex (%): 25 women (83.3%) and 5 men (16.7%); by group not reported

Inclusion criteria: "(1) chronic symptoms of burning, sandy, or scratchiness in both eyes; (2) daily need

for multiple applications of artificial tears; and (3) rose bengal staining of grade 2 or higher (scale de-
scribed below)." (p 391)

Exclusion criteria:

« Prior ocular surgery other than cataract surgery
« Concurrent use of any other topical ocular medications
« Prior experience with either punctal plugs or topical cyclosporin

Interventions

All groups were allowed to use artificial tears throughout the follow up period

Intervention 1: cyclosporine ophthalmic emulsion 0.05% (RESTASIS; Allergan, Irvine, CA) eye drops to
both eyes twice daily
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Roberts 2007 (Continued)

Intervention 2: bilateral collagen punctal plugs in the lower lids only
Punctal plug model: PARASOL (Punctal Occluder)

Manufacturer of punctal plug: Odyssey Medical

Location of manufacturer: Memphis, TN

Intervention 3: bilateral collagen punctal plugs in the lower lids + cyclosporine eye drops to both eyes
twice daily

Length of follow-up:
Planned: protocol not available

Actual: 6 months

Outcomes Primary and secondary outcome not differentiated, as defined in study reports: "Schirmer scores
without anaesthesia, corneal and conjunctival rose bengal staining, and artificial tear use"
Adverse events reported: 2 participants withdrew: 1 due to discomfort of plugs and 1 due to burning
caused by cyclosporine
Intervals at which outcomes assessed: 1, 3, and 6 months after occlusion
Notes Trial registry: NR
Type of study: published full-text
Funding sources: Allergan
Disclosures of interest: "Dr. Roberts is a consultant for Allergan. The authors state that they have no
proprietary interest in the products named in this article" (p 391)
Study period: October 2003 to January 2005
Reported subgroup analyses: none reported
Do trial investigators need to be contacted? Yes
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk "[A] computer-generated randomization schedule" (p 391).
tion (selection bias)
Allocation concealment Unclear risk Not reported
(selection bias)
Masking of participants High risk "Medication was dispensed open-label" (p 391).
and personnel (perfor-
mance bias and detection
bias)
Masking of outcome as- High risk "Medication was dispensed open-label" (p 391).
sessment (detection bias)
Incomplete outcome data  High risk Participants who with drew were replaced and data from withdrawals not in-

(attrition bias)
All outcomes

cluded in analyses
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Roberts 2007 (Continued)

Selective reporting (re- Unclear risk Trial registry record not reported; we were not able to compare the reported
porting bias) outcomes with the trial registry record
Other bias High risk Industry funded study
Slusser 1998
Methods Study design: paired-eye randomized controlled trial

Unit of analysis: eyes; used paired t-tests to account for correlation between left and right eyes of each
participant

Unit of randomization: each eye of each participant was randomized to a different intervention
How were missing data handled? Excluded from analysis
Reported power calculation: no

Unusual study design: used correct matched analysis

Participants Country: USA
Number randomized:
Total: 35 participants (70 eyes)
Per group: 35 eyes per group
Exclusions after randomization: 7 participants (14 eyes)
Number analyzed:
Total: 28 participants (56 eyes)
Per group: 28 eyes
Losses to follow-up: 1 participant (2 eyes)
Mean age (SD): NR
Age range: 21-69 years in total; by group not reported
Sex (%): 26 women (74%) and 9 men (26%) in total; by group not reported
Inclusion criteria:

"1. Dry eye based on the response of at least 'sometimes' on at least 2 of the 3 questions concerning
dryness,

lens awareness, and cloudy vision on the recruitment questionnaire (see Table 2).

2. At least one of the following objective signs: grade 1 or greater vital staining; prelens tear film break-
up time of less than 15 seconds; tear meniscus height of less than 0.5 mm on slitlamp examination;
grade 2 or more tear debris on a 0 to 4 scale.

3. Bilateral involvement of the above criteria.
4. Ability to understand and complete subjective scales daily.
5. Wearing contact lenses that are of equal age, type, and material.

6. Must be able to wear both contact lenses at least 20 hours/week."
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Slusser 1998 (continued)

Exclusion criteria:

"1. Dry eye attributed to poor lid apposition or blinking mechanism.

2. Contact lens surface abnormalities (deposits), which cause distortion of a reflected grid pattern.
3. Clinically apparent nasolacrimal occlusion.

4. Patients who take certain hormones (birth control pills, menopausal replacement therapy) who can-
not maintain current dosage throughout the study duration.

5. Ocular infection, including active corneal ulcers, keratitis, or conjunctivitis.

6. Use of any topical agents in the eye other than artificial tears, saline, or rewetting drops at the time of
study entry.

7. Under 18 yr of age.

8. Known pregnancy."

Interventions Intervention 1: silicone punctal plugs in the lower and upper puncta
Punctal plug model: Herrick Lacrimal Plugs
Manufacturer of punctal plug: Lacrimedics
Location of manufacturer: Rialto, CA
(upper and lower) - 1 eye 15t 4 weeks; plugs + re-wetting drops 5th week
Intervention 2: sham treatment
No plugs (sham) - fellow eye - 15t 4 weeks; re-wetting drops only 5th week
Length of follow-up:
Planned: protocol not available

Actual: 5 weeks

Outcomes Primary and secondary outcome not differentiated, and were defined in study reports: tear film
break-up time, lens water content, vital staining, bulbar conjunctiva with fluorescein, Rose Bengal, pa-
tient questionnaires

Adverse events reported: yes, 3 participants reported epiphora and plugs removed

Intervals at which outcomes assessed: day 0, 7, 28, 35

Notes Trial registry: NR
Type of study: published full-text

Funding sources: Vistaken; Dr. Slusser. "Lacrimedics, Inc. (Rialto, CA) donated the lacrimal plugs and
supportive equipment used in this study. Allergan, Inc. (Irvine, CA) provided the non-preserved rewet-
ting drops (p 337)."

Disclosures of interest: NR
Study period: March to June; year of study period not reported

Reported subgroup analyses: none reported

Risk of bias
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Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Sequence generation not discussed in manuscript

tion (selection bias)

Allocation concealment Unclear risk Allocation concealment not discussed in manuscript

(selection bias)

Masking of participants Low risk "To provide a placebo control, the fellow eye was carefully manipulated in a
and personnel (perfor- similar fashion without actual insertion of any plugs. The patient was masked
mance bias and detection as much as possible to avoid visualizing the plugs during the insertion proce-
bias) dure."

Masking of outcome as- Low risk "Outcome assessors masked as independent investigator inserted the plugs
sessment (detection bias) and performed sham insertion for those receiving no plugs"

Incomplete outcome data  High risk 7/35 participants (20%) were excluded after randomization

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Trial registry or protocol was not reported, hence we were not able to check if
porting bias) all outcomes in the protocol were reported in the full-text publication

Other bias High risk Received industry funding

Tsifetaki 2003

Methods

Study design: parallel randomized controlled trial

Unit of analysis: participant; (both eyes of each participant; mean outcome of left and right eyes re-
ported respectively)

Unit of randomization: participant; both eyes received the same intervention
How were missing data handled? NR

Reported power calculation: power = 90%; sample size = 25 participants; assuming 90% response rate
in the group receiving pilocarpine and a 30% response rate in the group receiving artificial tears

Unusual study design: participants with dry eye due to Sjogren's syndrome

Participants

Country: Greece (assumed from author's origin)

Number randomized: 85 participants (170 eyes) in total

28 participants (NR eyes) in collagen plugs group

29 participants (NR eyes) in oral pilocarpine group

28 participants in artificial tears only group

Exclusions after randomization: 1 participant (2 eyes) in collagen plugs group
Number analyzed: NR

Losses to follow-up: 1 participant (2 eyes) in collagen plugs group

Mean age (SD):

57.8 (12.9) years in collagen plugs group
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Tsifetaki 2003 (continued)

59.9 (9.9) years in oral pilocarpine group

57.0 (11.5) years in artificial tears only group
Age range: NR

Sex (%): 85 women (100%) and 0 men in total

Inclusion criteria: European criteria for the diagnosis of Sjogren's syndrome were used to identify eli-
gible participants

Exclusion criteria: none reported

Interventions

All groups used artificial tears

Intervention 1: collagen plugs inserted in the lower puncta of both eyes for 7 days then permanent col-
lagen plugs for the duration of the trial + artificial tears

Punctal plug model: Collagen Plugs

Manufacturer of punctal plug: Lacrimedics Inc.

Location of manufacturer: NR

Intervention 2: oral pilocarpine (5 mg twice a day) + artificial tears
Intervention 3: artificial tears only

Length of follow-up:

Planned: protocol not available
Actual: 12 weeks

Outcomes

Primary outcome, as defined in study reports: assessed with a dry eye questionnaire
Secondary outcomes, as defined in study reports:

Subjective symptoms: 100 mm visual analogue scale; score defined as improvement of > 55 mm in
symptoms over course of study

Tear production: Schirmer | test without anesthesia
Ocular surface staining: Rose Bengal staining

Tear film stability: TBUT

Fluorophotometer method

Imprint test (conjunctival impression cytology): improvement defined as increase in cytoplasm/nucle-
us ratio (epithelial cells) and goblet cells

Adverse events reported: yes, "four patients had mild headache, of whom three also presented with
nausea, vomiting, and sweating" (p 1205).

Intervals at which outcomes assessed: every week for the first month, then every month after up to
12 weeks

Notes

Trial registry: Not reported (NR)
Type of study: published full-text
Funding sources: NR
Disclosures of interest: NR

Study period: NR
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Tsifetaki 2003 (continued)

Reported subgroup analyses: none reported

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Computer-generated randomization scheme. "Patients were randomized ac-

tion (selection bias) cording to a computer generated schedule" (p 1204)

Allocation concealment Unclear risk Allocation concealment not discussed in manuscript

(selection bias)

Masking of participants Unclear risk Itis difficult to mask participants and personnel as the interventions may be

and personnel (perfor- visible during examination. Eye examination, ocular surface staining, aqueous

mance bias and detection tear production, and imprint test performed by masked investigators

bias)

Masking of outcome as- Low risk Eye examination, ocular surface staining, aqueous tear production, and im-

sessment (detection bias) print test performed by masked investigators. "Eye examination, Schirmer-I
test, and rose bengal staining were all performed by another investigator (GK),
who was unaware of the treatment allocation. Furthermore, the imprint test
was completed by another investigator (CAP) who was also unaware of the
treatment arms and the results of Schirmer-I and rose bengal tests" (p 1204)

Incomplete outcome data  Unclear risk 1/85 participants (1%) lost to follow-up and 1/85 participants (1%) discontin-

(attrition bias) ued due to local infection; not clear if these participants were excluded from

All outcomes the analyses

Selective reporting (re- Unclear risk Trial registry information and protocol were not available for comparison

porting bias)

Other bias Unclear risk Source of funding and conflict of interest not reported

Yung 2012
Methods Study design: quasi-randomized trial - divided into 2 groups on the basis of their ID numbers; the plug

(even numbers) and non-plug (odd numbers) groups

Unit of analysis: unclear as both eyes of 10 participants receive the same intervention, but the trial in-
vestigators did not report how they analyzed them

Unit of randomization: participant; assuming ID numbers were assigned to each participant, both
eyes of 10 participants receive the same intervention

How were missing data handled? Excluded from analysis

Reported power calculation: none

Unusual study design: participants' patient ID number as used to assigned them to each group

Participants

Country: Japan

Number randomized:

18 participants (28 eyes) in total

9 participants (13 eyes) in silicone punctal plugs group

9 participants (15 eyes) in non-plug group

Punctal occlusion for dry eye syndrome (Review)
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Yung 2012 (Continued)

Exclusions after randomization:

2 participants (NR eyes) in total

2 participants (NR eyes) in silicone punctal plugs group
0 participants (0 eyes) in non-plug group

Number analyzed:

18 participants (28 eyes) in total

9 participants (13 eyes) in silicone punctal plugs group
9 participants (15 eyes) in non-plug group

Losses to follow-up: none

Mean age (SD):

32.32(7.69) years in total*

35.67 (10.74) years in silicone punctal plugs group
30.89 (3.89) years in non-plug group

Age range: (20-56) years overall

Sex (%):

16 women (89%) and 2 men (11%) in total

8 women (89%) and 1 men (11%) in silicone punctal plugs group
8 women (89%) and 1 men (11%) in non-plug group

Inclusion criteria: "patients who underwent LASIK. All eyes fulfilled the Japanese dry-eye criteria and
had not responded to conventional treatment with artificial tears by 1 month postsurgery (p 208)."

Exclusion criteria: none reported

Interventions

Both groups used artificial tears

Intervention 1: silicone punctal plugs in upper and lower puncta + artificial tears
Punctal plug model: Eagle plug

Manufacturer of punctal plug: EagleVison

Location of manufacturer: Memphis, TN

Intervention 2: observation + artificial tears

Length of follow-up:

Planned: protocol not available

Actual: 3 months

Outcomes

Outcomes not identified as primary or secondary.

As defined in study reports: subjective symptoms and satisfaction, corneal sensitivity, tear function
and ocular surface (Schimer value, TBUT, and fluorescein score), and visual performance (uncorrect-
ed and best-corrected visual acuity (UCVA and BCVA), manifest refraction, and functional visual acuity
(FVA))

Adverse events reported: yes, excessive lacrimation and plugs that were lost were reinserted
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Intervals at which outcomes assessed: 1 and 3 months

Notes Trial registry: NR

Type of study: published full-text

Funding sources: NR

Disclosures of interest: NR

Study period: January 2008 to March 2009

Reported subgroup analyses: none reported

*We contacted the authors via email and have received additional information
Risk of bias
Bias Authors' judgement  Support for judgement

Random sequence genera-  High risk Quasi randomized study - assigned based on patient ID number (odd/even)

tion (selection bias)

Allocation concealment High risk "These candidates were divided into two groups on the basis of their ID num-

(selection bias) bers; the plug (even numbers) and non-plug (odd numbers) groups" (p 209)
"They were randomly divided into a plug and a non-plug group" (p 208)

Masking of participants Unclear risk Given the treatment groups it is not possible to mask participants or people

and personnel (perfor- administering interventions. From email correspondence with authors: "The

mance bias and detection participant and those assessing the outcome were not blinded."

bias)

Masking of outcome as- High risk From email correspondence with authors: "The participant and the those as-

sessment (detection bias) sessing the outcome were not blinded."

Incomplete outcome data  Low risk "2 patients lost plug(s) from either eye during the follow-up and had new

(attrition bias) plug(s) re-inserted but were excluded from the study" (p 208)

All outcomes

Selective reporting (re- Unclear risk Protocol not available for comparison

porting bias)

Other bias Unclear risk From email correspondence with authors: "Source of funding and conflict of
interest not reported. There was no financial support for the trial. We did not
use a clinical trial registry for this study.The protocol is only in the patients and
methods in the manuscript. | will attach the paragraphs bellow (quoted from
full-text)."

Zhou 2016
Methods Study design: parallel randomized controlled trial
Unit of analysis: unclear as both eyes of 10 participants could have receive the same or different inter-
vention
Unit of randomization: unclear
How were missing data handled? NA, no missing data reported
Punctal occlusion for dry eye syndrome (Review) 74
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Zhou 2016 (Continued)

Reported power calculation: NR

Unusual study design: for 10 participants, both eyes were included, but for the remaining 70 partici-
pants only 1 eye was included

Participants

Country: China (assumed from author's affiliations)
Number randomized:

80 participants (90 eyes) in total

40 participants (46 eyes) in punctal plug group

40 participants (44 eyes) in artificial tears group

Exclusions after randomization: none reported

Number analyzed:

80 participants (90 eyes) in total

40 participants (46 eyes) in punctal plug group

40 participants (44 eyes) in artificial tears group

Losses to follow-up: none reported

Mean age (SD): 35.21 (NR) overall

35.28 (5.58) years in the punctal plug group

35.13 (6.25) years in the artificial tears group

Age range:

22 to 46 years in the punctal plug group

21 to 48 years in the artificial tears group

Sex (%): 31 women (39%) and 49 men (61%)in total

15 women (38%) and 25 men (62%) in the punctal plug group
16 women (40%) and 24 men (60%) in the artificial tears group

Inclusion criteria: time on viewing a monitor = 5 hours per day; itching, foreign body sensation, tear-
ing, redness, and photophobia; aqueous tear production <10 mm/5 min, TBUT< 10 s; artificial tears use
>3 times/d

Exclusion criteria: not meeting inclusion criteria; corneal, conjunctiva, iris disorder; pregnant; dia-
betes

Interventions

Intervention 1: Thermal Memory hydrophobic acrylic polymer rigid rod punctal plug
Punctal plug model: NR

Manufacturer of punctal plug: NR

Location of manufacturer: NR

Control: 1g/L sodium hyaluronate eye drops; 1 drop/time; 4-6 times /day

Length of follow-up:

Planned: NR
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Zhou 2016 (Continued)

Actual: 3 months

Outcomes Primary and secondary outcomes not differentiated:
Outcomes reported: tear secretion test, tear film break-up time, scores of dry eye symptoms

Adverse events reported: inflammation: 12 in control group and 10 in intervention group. Plug pro-
lapses: 1 in control group and 2 in intervention group

Intervals at which outcomes assessed: baseline and 3 months

Notes Trial registry: none reported
Type of study: published full-text
Funding sources: NR
Disclosures of interest: NR
Enrollement period: March 2013 to March 2015

Reported subgroup analyses: none reported

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Random sequence generated using SAS 9.2 program

tion (selection bias)

Allocation concealment Unclear risk Not reported
(selection bias)

Masking of participants Unclear risk Not reported
and personnel (perfor-

mance bias and detection

bias)

Masking of outcome as- Unclear risk Not reported
sessment (detection bias)

Incomplete outcome data  Unclear risk No participants were reported to have been lost to follow-up

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Published protocol or trial registry number were not available for comparison

porting bias)

Other bias Unclear risk Source of funding and conflict of interest were not reported

NA: not applicable; NR: not reported; SD: standard deviation; TBUT: tear break-up time.

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion
Bukhari 2015 Wrong intervention; botulinum neurotoxin type A
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Study

Reason for exclusion

Capita 2015

Wrong intervention; 0.05 mL of hypromellose

Charnetski-Sites 2001

No diagnosis of dry eye syndrome

Geldis 2008

Synthetic punctal plugs

Giovagnoli 1992

Not a randomized or quasi-randomized controlled trial

Goto 2003 Not a randomized or quasi-randomized controlled trial

Guzey 2001 Not a randomized or quasi-randomized controlled trial

Hamano 2002 No relevant comparisons

Kojima 2014 Wrong comparison. Trial registration number: JPRN-UMIN000011574
Li2012 No relevant comparisons

Malet 1997 Not a randomized or quasi-randomized controlled trial

Murube del Castillo 1995

Not a randomized or quasi-randomized controlled trial

Nishii 2004

No relevant outcome data

Ozkan 2001

Not a randomized or quasi-randomized controlled trial

Patten 1976

No relevant comparisons

Sainz 2000

Not a randomized or quasi-randomized controlled trial

Schultze 2004

Not a randomized or quasi-randomized controlled trial

Sharpe 2001

Conference proceeding abstract; study met inclusion criteria, but data were not presented by rele-
vant treatment groups; investigators were unable to provide further details

Virtanen 1996

Not a randomized or quasi-randomized controlled trial

Ward 2001 Conference proceeding abstract; study met inclusion criteria, but no data presented in abstract;
unable to locate contact information for sole investigator
Zhou 2001 Not a randomized or quasi-randomized controlled trial. Authors could not be contacted

Characteristics of ongoing studies [ordered by study ID]

ChiCTR-IPR-16007760

Trial name or title

Treatment of dry eye with absorbable punctual plug (VisiPlug) in a randomized, observer-blind and
parallel study

Methods

Randomized controlled trial

Participants

Inclusion criteria:

"1. Voluntarily participated in this clinical study and signed an informed consent
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ChiCTR-IPR-16007760 (Continued)

2. Male or female, aged 18 to 70 years old

w

. Patients with dry eye signs and symptoms, consistent with either criterion as follows:

« Criterion 1: Patients with at least 1 positive symptom, such as dry eye, foreign body sensation,
burning sensation, eye fatigue, eye distension, vision fluctuation; and tear film break-up time
equaltoorlessthan 5seconds, or Schirmer test (without anaesthetic) equal to or less than 5 mm/5
minutes;

« Criterion 2: Patients with at least 1 positive symptom, such as dry eye, foreign body sensation,
burning sensation, eye fatigue, eye distension, vision fluctuation; And tear film break-up time
equal to or less than 10 seconds and longer than 5 seconds, or Schirmer test (without anaesthe-
sia) equal to or less than 10 mm/5 minutes and longer than 5 mm/5 minutes; and patients should
show positive corneal fluorescein staining;

4. Willing to follow the requirements of this study;
5. Subjects did not participate in other clinical trials during the last 4 weeks;

6. Subjects did not use any topical medications other than artifical tears, or have used these med-
ications, but withdrew them more than 2 weeks before;

7. The daily life vision of included subjects eye should be equal to or more than 0.1."
Exclusion criteria:

"1. Subjects with inflammation and infection in lacrimal system;

2. Subjects with nasolacrimal duct blocking or stenosis;

3. Subjects with severe conjunctivochalasis;

4. Allergy to any ingredient of the test materials;

5. Clinically diagnosed as fungal, bacterial or viral keratitis/conjunctivitis in active stage;
6. Co-existence with other conjunctiva, cornea and iris lesions;

7. Patients with severe primary disease such as severe heart, brain and blood vessels, liver, kidney
and hematopoietic systems disease;

8. Patients who received intraocular surgery or with intraocular trauma in the last 6 months;
9. Postmenopausal women with hormone replacement therapy;

10. Patients received permanent punctal occlusion or absorbable punctal occlusion in the last 6
months;

11. Patients who cannot stop wearing contact lenses during the trial;

12. Patients who cannot obey the required treatments and follow-ups during the trial."

Interventions

Intervention 1: both upper and lower punctal occlusion
Intervention 2: lower punctal occlusion

Intervention 3: upper punctal occlusion

Outcomes

Primary outcomes*:

« Total score of ocular surface disease index
o Schirmer | test

Secondary outcomes™*:

« TBUT
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ChiCTR-IPR-16007760 (Continued)
« Corneal fluorescein staining

« Lissamine green staining

« Tear meniscus height

o Tear meniscus depth

« Tear meniscus area

« Frequency of artificial tears usage

* Primary outcomes will be measured at week 4 after treatment

** Secondary outcomes will be measured at week 1, week 4 or week 12 after treatment

Starting date NR

Contact information Lan Gong (13501798683@139.com)

Eye & ENT Hospital of Fudan University, 83 Fenyang Road, Shanghai 200031

Notes

Source of funding: Eye & ENT Hospital of Fudan University

Accessed on 9 January 2017

Trial registration number: ChiCTR-IPR-16007760 (registered at Chinese Clinical Trial Registry)

DATA AND ANALYSES

Comparison 1. Punctal plug versus observation

Outcome or subgroup title No. of studies No. of partici-

pants

Statistical method

Effect size

1 Symptomatic improvementat 3

Mean Difference (1V, Fixed, 95%

Totals not selected

1 month Cl)
2 Symptomatic improvement 2 Mean Difference (IV, Fixed, 95% Totals not selected
(long-term) Cl)
3 Ocular surface staining at 2 1 Mean Difference (IV, Fixed, 95% Totals not selected
weeks Cl)
4 Ocular surface staining at 1 1 Mean Difference (IV, Fixed, 95% Totals not selected
month Cl)
5 Ocular surface staining (long- 1 Mean Difference (IV, Fixed, 95% Totals not selected
term) Cl)

6 Tear film stability at 1 month 1

Mean Difference (1V, Fixed, 95%
Cl)

Totals not selected

7 Tear film stability (long-term) 1

Mean Difference (IV, Fixed, 95%
Cl)

Totals not selected

8 Artificial tear use at 2 weeks 1

Mean Difference (IV, Fixed, 95%
cl

Totals not selected
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
9 Artificial tear use at 1 month 1 Mean Difference (IV, Fixed, 95% Totals not selected
Cl)
10 Artificial tear use (long-term) 1 Mean Difference (1V, Fixed, 95% Totals not selected
Cl)

Analysis 1.1. Comparison 1 Punctal plug versus observation, Outcome 1 Symptomatic improvement at 1 month.

Study or subgroup Punctal plug No punctal plug Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
Mansour 2007 13 5(2.2) 13 6(2) + -1[-2.63,0.63]
Nava-Castaneda 2003 31 9.7 (8) 30 33.1(13.7) — -23.4[-29.05,-17.75]
Yung 2012 13 2.6(1.1) 15 2.5(1.4) ‘ ‘ ‘ ‘ 0.07[-0.84,0.99]
Favors punctal plug 50 25 0 25 50 Favors observation

Analysis 1.2. Comparison 1 Punctal plug versus observation, Outcome 2 Symptomatic improvement (long-term).

Study or subgroup Punctal plug No punctal plug Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI
Nava-Castaneda 2003 31 2.5(3.1) 30 30.7 (14.8) -+ -28.2[-33.61,-22.79]
Yung 2012 13 1.3(1.1) 15 2.2(1.3) -0.94[-1.83,-0.06]
Favors punctal plug ~ -100 -50 0 50 100 Favors observation

Analysis 1.3. Comparison 1 Punctal plug versus observation, Outcome 3 Ocular surface staining at 2 weeks.

Study or subgroup Punctal plug No punctal plug Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Nava-Castaneda 2003 61 1.3(0.8) 61 2.1(0.9) — -0.8[-1.1,-0.5]
Favors punctal plug -2 -1 0 1 2 Favors observation

Analysis 1.4. Comparison 1 Punctal plug versus observation, Outcome 4 Ocular surface staining at 1 month.

Study or subgroup Punctal plug No punctal plug Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Yung 2012 13 3(1.4) 15 2.4(0.5) —’—o— 0.59[-0.19,1.37]
Favors punctal plug 2 -1 0 1 2 Favors observation
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Study or subgroup Punctal plug No punctal plug Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Nava-Castaneda 2003 31 0.2 (0.4) 30 1.7(1) —_— -1.5[-1.88,-1.12]
Favors punctal plug 2 -1 0 1 2 Favors observation

Analysis 1.6. Comparison 1 Punctal plug versus observation, Outcome 6 Tear film stability at 1 month.

Study or subgroup Punctal plug No punctal plug

Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Yung 2012 13 2(1.1) 15 2.4(1.2) —o—’— -0.41[-1.25,0.43]
Favors punctal plug 2 -1 0 1 2 Favors observation

Analysis 1.7. Comparison 1 Punctal plug versus observation, Outcome 7 Tear film stability (long-term).

Study or subgroup Punctal plug No punctal plug Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Yung 2012 13 43(2) 15 23(1.3) _— 1.93[0.67,3.2]
Favors punctal plug -4 2 0 2 4 Favors observation

Analysis 1.8. Comparison 1 Punctal plug versus observation, Outcome 8 Artificial tear use at 2 weeks.

Study or subgroup Punctal plug No punctal plug

Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% ClI Fixed, 95% CI
Nava-Castaneda 2003 31 2.1(1.1) 30 3.5(0.7) —_— ‘ -1.4[-1.86,-0.94]
Favors punctalplug 2 -1 0 1 2 Favors observation

Analysis 1.9. Comparison 1 Punctal plug versus observation, Outcome 9 Artificial tear use at 1 month.

Study or subgroup Punctal plug No punctal plug Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Nava-Castaneda 2003 31 1.8(0.9) 30 3.6 (0.7) — -1.8[-2.2,-1.4]
Favors punctal plug -2 -1 0 1 2 Favors observation

Analysis 1.10. Comparison 1 Punctal plug versus observation, Outcome 10 Artificial tear use (long-term).

Study or subgroup Punctal plug No punctal plug

Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
Nava-Castaneda 2003 31 0.9(0.7) 30 3.6(0.9) — 2.7[-3.11,-2.29]
Favours punctal plug -4 2 0 2 4 Favours observation
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Comparison 2. Punctal plugs versus cyclosporine

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 Ocular surface staining at 1 1 Mean Difference (IV, Fixed, 95%  Totals not selected
month Cl)
2 Ocular surface staining at 6 1 Mean Difference (IV, Fixed, 95%  Totals not selected
months Cl)
3 Aqueous tear production at 1 1 Mean Difference (IV, Fixed, 95%  Totals not selected
month Cl)
4 Aqueous tear production at 6 1 Mean Difference (IV, Fixed, 95%  Totals not selected
months Cl)
5 Artificial tear use at 1 month 1 Mean Difference (IV, Fixed, 95%  Totals not selected
Cl)
6 Artificial tear use at 6 months 1 Mean Difference (IV, Fixed, 95%  Totals not selected
Cl)

Analysis 2.1. Comparison 2 Punctal plugs versus cyclosporine, Outcome 1 Ocular surface staining at 1 month.

Study or subgroup Punctal plug Cyclosporine Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Roberts 2007 10 -0.2(0.5) 10 -0.3(0.5) —’-0— 0.1[-0.32,0.52]
Favors punctal plug -2 -1 0 1 2 Favors cyclosporine

Analysis 2.2. Comparison 2 Punctal plugs versus cyclosporine, Outcome 2 Ocular surface staining at 6 months.

Study or subgroup Punctal plug Cyclosporine Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
Roberts 2007 10 -0.3(0.8) 10 -0.9(0.3) _— 0.6[0.05,1.15]
Favors punctal plug -2 -1 0 1 2 Favors cyclosporine

Analysis 2.3. Comparison 2 Punctal plugs versus cyclosporine, Outcome 3 Aqueous tear production at 1 month.

Study or subgroup Punctal plug Cyclosporine Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Roberts 2007 10 4.5(1.4) 10 -1.5(1) — 6[4.96,7.04]
Favors punctal plug 10 5 0 5 10 Favors cyclosporine
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Analysis 2.4. Comparison 2 Punctal plugs versus cyclosporine, Outcome 4 Aqueous tear production at 6 months.

Study or subgroup Punctal plug Cyclosporine Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Roberts 2007 10 3.8(1.5) 10 3(2) —’—o— 0.8[-0.74,2.34]
Favors punctalplug 4 -2 0 2 4 Favors cyclosporine

Analysis 2.5. Comparison 2 Punctal plugs versus cyclosporine, Outcome 5 Artificial tear use at 1 month.

Study or subgroup Punctal plug Cyclosporine Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Roberts 2007 10 -2.3(2) 10 -0.6 (0.9) —_— -1.7[-3.04,-0.36]
Favors punctal plug -4 -2 0 2 4 Favors cyclosporine

Analysis 2.6. Comparison 2 Punctal plugs versus cyclosporine, Outcome 6 Artificial tear use at 6 months.

Study or subgroup Punctal plug Cyclosporine Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Roberts 2007 10 -2.1(1.5) 10 -3.2(1) ’—o— 1.1[-0.04,2.24]
Favors punctal plug -4 2 0 2 4 Favors cyclosporine

Comparison 3. Punctal plugs versus oral pilocarpine

Outcome or subgroup No. of studies No. of partici- Statistical method Effect size
title pants
1 Symptomatic improve- 1 Risk Ratio (M-H, Fixed, 95% Cl) Totals not selected

ment at 3 months

2 Ocular surface staining 1 Mean Difference (IV, Fixed, 95% Cl) Totals not selected
2.1 Right eye 1 Mean Difference (IV, Fixed, 95% Cl) 0.0[0.0,0.0]

2.2 Left eye 1 Mean Difference (IV, Fixed, 95% Cl) 0.0[0.0,0.0]

3 Aqueous tear produc- 1 Mean Difference (IV, Fixed, 95% Cl) Totals not selected
tion

3.1 Righteye 1 Mean Difference (IV, Fixed, 95% Cl) 0.0[0.0,0.0]

3.2 Left eye 1 Mean Difference (IV, Fixed, 95% Cl) 0.0[0.0,0.0]
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Analysis 3.1. Comparison 3 Punctal plugs versus oral
pilocarpine, Outcome 1 Symptomatic improvement at 3 months.

Study or subgroup Punctal plug Oral pilocarpine Risk Ratio Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Tsifetaki 2003 16/26 —_—t 0.69[0.49,0.95]
‘0,5 017 1 115 2

Favors punctal plug

Favors oral pilocarpine

Analysis 3.2. Comparison 3 Punctal plugs versus oral pilocarpine, Outcome 2 Ocular surface staining.

Study or subgroup Punctal plug Oral pilocarpine Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
3.2.1Right eye
Tsifetaki 2003 26 -0.9(1.2) 29 -1(1.3) e R — 0.1[-0.56,0.76]
3.2.2 Left eye
Tsifetaki 2003 26 -0.5(0.9) 29 -1.1(1) s 0.6[0.1,1.1]
‘ 2 1 0 1 2

Favors punctal plug

Favors oral pilocarpine

Analysis 3.3. Comparison 3 Punctal plugs versus oral pilocarpine, Outcome 3 Aqueous tear production.

Study or subgroup Punctal plug Oral pilocarpine Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl

3.3.1Right eye
Tsifetaki 2003 26 0.2 (0.4) 29 0.3(L.1) — -0.1[-0.53,0.33]
3.3.2 Lefteye
Tsifetaki 2003 26 0.7(0.8) 29 1.2(1.3) — -0.5[-1.06,0.06]

Favors punctal plug 2 1 0 1 2 Favors oral pilocarpine

Comparison 4. Punctal plugs versus artificial tears
Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1 Symptomatic improvement 1 Mean Difference (IV, Fixed, 95% Cl) ~ Totals not selected
at 2 weeks
2 Symptomatic improvement 1 Risk Ratio (M-H, Fixed, 95% Cl) Totals not selected
at 3 months
3 Symptomatic improvement 2 130 Mean Difference (IV, Fixed, 95% Cl)  -4.20 [-5.87, -2.53]
at 3 months
4 Ocular surface staining at 2 1 Mean Difference (IV, Fixed, 95% Cl)  Totals not selected
weeks
5 Ocular surface staining at 3 1 Mean Difference (IV, Fixed, 95% Cl)  Totals not selected

months (Rose Bengal)

Punctal occlusion for dry eye syndrome (Review)
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
5.1 Right eye 1 Mean Difference (IV, Fixed, 95% Cl) 0.0 [0.0, 0.0]
5.2 Left eye 1 Mean Difference (IV, Fixed, 95% Cl) 0.0 [0.0, 0.0]
6 Ocular surface staining at 3 1 Mean Difference (IV, Fixed, 95% Cl)  Totals not selected

months (fluorescein)

7 Aqueous tear productionat2 2 82 Mean Difference (IV, Fixed, 95% Cl)  0.83[-1.05, 2.71]
weeks

8 Aqueous tear productionat3 1 Mean Difference (IV, Fixed, 95% Cl)  Totals not selected
months

8.1 Right 1 Mean Difference (IV, Fixed, 95% Cl) 0.0 [0.0, 0.0]

8.2 Left 1 Mean Difference (IV, Fixed, 95% Cl) 0.0 [0.0, 0.0]

9 Aqueous tear productionat3 2 130 Mean Difference (IV, Fixed, 95% Cl)  2.16[1.41, 2.90]
months

10 Tear film stability at 2 2 82 Mean Difference (IV, Fixed, 95% Cl)  0.26 [-0.57, 1.09]
weeks

11 Tear film stability at 3 2 130 Mean Difference (IV, Fixed, 95% CI)  1.02[0.60, 1.44]
months

12 Punctate epithelial ker- 1 Risk Ratio (M-H, Fixed, 95% Cl) Totals not selected
atopathy

Analysis 4.1. Comparison 4 Punctal plugs versus artificial tears, Outcome 1 Symptomatic improvement at 2 weeks.

Study or subgroup Punctal plug Artificial tears Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
Qiu 2012 12 15.8 (4.6) 16 16.1 (5) ; } -0.3[-3.87,3.27]
Favors artificial tears -4 -2 0 2 4 Favors punctal plug

Analysis 4.2. Comparison 4 Punctal plugs versus artificial
tears, Outcome 2 Symptomatic improvement at 3 months.

Study or subgroup Punctal plug Artificial tears Risk Ratio Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Tsifetaki 2003 17/26 8/28 —_— 2.29[1.2,4.38]
Favors punctal plug 01 02 05 1 2 5 10 Favors artificial tears
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Analysis 4.3. Comparison 4 Punctal plugs versus artificial
tears, Outcome 3 Symptomatic improvement at 3 months.

Study or subgroup Punctal plug Artificial tears Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Qiu 2013 21 15.1(4.2) 19 15.9 (4.2) e 41.06% -0.8[-3.41,1.81]
Zhou 2016 46 20.4(4.9) 44 26.9 (5.6) —i— 58.94% -6.57[-8.75,-4.39]
Total *** 67 63 - 100% -4,2[-5.87,-2.53]
Heterogeneity: Tau?=0; Chi*=11.1, df=1(P=0); 1>=90.99%
Test for overall effect: Z=4.93(P<0.0001) ‘ ‘ ‘ ‘

Favors artificial tears ~ -10 S 0 5 10 Favors punctal plug

Analysis 4.4. Comparison 4 Punctal plugs versus artificial tears, Outcome 4 Ocular surface staining at 2 weeks.

Study or subgroup Punctal plug Artificial tears Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Feng 2011 27 6.2 (1.1) 27 54(2.1) 1—.— 0.81[-0.09,1.71]
Favors punctal plug -4 2 0 2 4 Favors artificial tears

Analysis 4.5. Comparison 4 Punctal plugs versus artificial tears,
Outcome 5 Ocular surface staining at 3 months (Rose Bengal).

Study or subgroup Punctal plug Artificial tears Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
4.5.1 Right eye
Tsifetaki 2003 26 -0.9(1.2) 29 -1(1.3) —— 0.1[-0.56,0.76]
4.5.2 Left eye
Tsifetaki 2003 26 -0.5(0.9) 29 -1.1(1) — 0.6[0.1,1.1]
Favors punctal plug -4 2 0 2 4 Favors artificial tears

Analysis 4.6. Comparison 4 Punctal plugs versus artificial tears,
Outcome 6 Ocular surface staining at 3 months (fluorescein).

Study or subgroup Punctal plug Artificial tears Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% ClI Fixed, 95% CI
Qiu 2013 21 0.1(0.3) 19 0.3(0.6) —~+ -0.21[-0.49,0.07]
Favors punctal plug -4 2 0 2 4 Favors artificial tears
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Analysis 4.7. Comparison 4 Punctal plugs versus artificial tears, Outcome 7 Aqueous tear production at 2 weeks.

Study or subgroup Punctal plug Artificial tears Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
Feng 2011 27 11.9 (4.2) 27 10.9 (3.4) —_— 84.74% 1.05[-0.99,3.09]
Qiu 2012 12 14 (3.4) 16 14.4(9) — 15.26% -0.4[-5.21,4.41]
Total *** 39 43 - 100% 0.83[-1.05,2.71]
Heterogeneity: Tau?=0; Chi*=0.3, df=1(P=0.59); 1>=0%
Test for overall effect: Z=0.86(P=0.39)

Favors punctal plug -10 -5 0 5 10 Favors artificial tears

Analysis 4.8. Comparison 4 Punctal plugs versus artificial tears, Outcome 8 Aqueous tear production at 3 months.

Study or subgroup Punctal plug Artificial tears Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
4.8.1 Right
Tsifetaki 2003 26 0.2(0.4) 28 0.2(0.8) — 0[-0.33,0.33]
4.8.2 Left
Tsifetaki 2003 26 0.7 (0.8) 28 0.6 (0.9) = 0.1[-0.35,0.55]
Favors punctal plug -4 -2 2 4 Favors artificial tears

Analysis 4.9. Comparison 4 Punctal plugs versus artificial tears, Outcome 9 Aqueous tear production at 3 months.

Study or subgroup Punctal plug Artificial tears Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI
Qiu 2013 21 11.4(2.7) 19 9(2.7) — 20.02% 2.46[0.79,4.13]
Zhou 2016 46 7(2.3) 44 49(1.7) B 79.98% 2.08[1.25,2.91]
Total *** 67 63 L 2 100% 2.16[1.41,2.9]

Heterogeneity: Tau?=0; Chi*=0.16, df=1(P=0.69); 1>=0%
Test for overall effect: Z=5.66(P<0.0001)

Favors artificial tears

-10 -5 0

10 Favors punctal plug

Analysis 4.10. Comparison 4 Punctal plugs versus artificial tears, Outcome 10 Tear film stability at 2 weeks.

Study or subgroup Punctal plug Artificial tears Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% ClI
Feng 2011 27 11.9 (4.2) 27 10.9 (3.4) —’—o— 16.61% 1.05[-0.99,3.09]
Qiu 2012 12 6.6(1.3) 16 6.5(1.1) —.— 83.39% 0.1[-0.81,1.01]
Total *** 39 43 100% 0.26[-0.57,1.09]

Heterogeneity: Tau?=0; Chi*=0.69, df=1(P=0.41); 1>=0%
Test for overall effect: Z=0.61(P=0.54)

Favors punctal plug

-
|

2

4 Favors artificial tears
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Analysis 4.11. Comparison 4 Punctal plugs versus artificial tears, Outcome 11 Tear film stability at 3 months.

Study or subgroup Punctal plug Artificial tears Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
Qiu 2013 21 7.8(1.8) 19 6(1.8) _— 13.99% 1.82[0.69,2.95]
Zhou 2016 46 4.1(1.2) 44 3.2(1.1) ‘.‘ 86.01% 0.89[0.43,1.35]
Total *** 67 63 < 100% 1.02[0.6,1.44]
Heterogeneity: Tau?=0; Chi*=2.23, df=1(P=0.14); 1*=55.15%
Test for overall effect: Z=4.72(P<0.0001) ‘ ‘ ‘ ‘

Favors artificial tears -4 2 0 2 4 Favors punctal plug

Analysis 4.12. Comparison 4 Punctal plugs versus artificial tears, Outcome 12 Punctate epithelial keratopathy.

Study or subgroup Punctal plug Artificial tears Risk Ratio Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Qiu2012 6/12 6/16 —'—07 1.33(0.57,3.12]

Favors artificial tears 02 0.5 1 2 5 Favors punctal plug

Comparison 5. Punctal plugs in the upper versus lower puncta

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size

pants
1 Symptomatic improvement at 1 1 Risk Ratio (M-H, Fixed, 95% Cl)  Totals not selected
month
2 Aqueous tear production at 1 1 Mean Difference (IV, Fixed, 95%  Totals not selected
month Cl)
3 Tear film stability at 1 month 1 Mean Difference (IV, Fixed, 95%  Totals not selected

Cl)

Analysis 5.1. Comparison 5 Punctal plugs in the upper versus
lower puncta, Outcome 1 Symptomatic improvement at 1 month.

Study or subgroup Upper puncta Lower puncta Risk Ratio Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kaido 2012 17/19 20/24 —’—o— 1.07[0.85,1.36]
. . . .
Favors upper puncta  0-5 0.7 1 15 2 Favors lower puncta
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Analysis 5.2. Comparison 5 Punctal plugs in the upper versus
lower puncta, Outcome 2 Aqueous tear production at 1 month.

Study or subgroup Upper puncta Lower puncta Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Kaido 2012 19 6.6 (4.8) 24 11.1(8.8) R —— -4.5[-8.63,-0.37)
Favors upper puncta -10 S 0 5 10 Favors lower puncta

Analysis 5.3. Comparison 5 Punctal plugs in the upper versus
lower puncta, Outcome 3 Tear film stability at 1 month.

Study or subgroup Upper punctal occlusion Lower punctal occlusion Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Kaido 2012 19 6.1(2.8) 24 6.2 (2.6) + } -0.1[-1.73,1.53]
Favors lower puncta 2 -1 0 1 2 Favors upper puncta

Comparison 6. Acrylic punctal plugs versus silicone punctal plugs

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size

pants
1 Symptomatic improvement 1 Mean Difference (IV, Fixed, 95% Cl)  Totals not selected
at 11 weeks
2 Ocular surface stainingat11 1 Mean Difference (IV, Fixed, 95% Cl)  Totals not selected
weeks
2.1 Rose Bengal 1 Mean Difference (IV, Fixed, 95% Cl) 0.0 [0.0, 0.0]
2.2 Fluorescein 1 Mean Difference (IV, Fixed, 95% Cl) 0.0 [0.0, 0.0]
3 Aqueous tear production at 1 Mean Difference (IV, Fixed, 95% Cl) Totals not selected
11 weeks
4 Tear film stability at 11 1 Mean Difference (IV, Fixed, 95% Cl)  Totals not selected
weeks
5 Artificial tear use at 11 weeks 1 Mean Difference (IV, Fixed, 95% Cl)  Totals not selected

Analysis 6.1. Comparison 6 Acrylic punctal plugs versus silicone
punctal plugs, Outcome 1 Symptomatic improvement at 11 weeks.

Study or subgroup Acrylic plug Silicone plug Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% ClI Fixed, 95% ClI
Burgess 2008 18 21.9(8.8) 18 21(14.5) } ; 0.9[-6.94,8.74]
Favors acrylic plug -10 5 0 5 10 Favors silicone plug
Punctal occlusion for dry eye syndrome (Review) 89

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

Analysis 6.2. Comparison 6 Acrylic punctal plugs versus silicone
punctal plugs, Outcome 2 Ocular surface staining at 11 weeks.

Mean Difference

Mean Difference

Study or subgroup Acrylic plug Silicone plug
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
6.2.1 Rose Bengal
Burgess 2008 18 1(0.7) 18 0.6 (0.9) — 0.45[-0.09,0.99]
6.2.2 Fluorescein
Burgess 2008 18 2.1(2.5) 18 1.6(3.7) —_— 0.43[-1.61,2.47]
2 0 2 4 Favorssilicone plug

Favors acrylic plug -4

Analysis 6.3. Comparison 6 Acrylic punctal plugs versus silicone
punctal plugs, Outcome 3 Aqueous tear production at 11 weeks.

Study or subgroup Acrylic plug Silicone plug Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Burgess 2008 18 4.9 (5.5) 18 3.8(2.1) ‘ 1.07[-1.62,3.76]
Favors acrylic plug -4 -2 0 2 4 Favors silicone plug
Analysis 6.4. Comparison 6 Acrylic punctal plugs versus silicone
punctal plugs, Outcome 4 Tear film stability at 11 weeks.
Study or subgroup Acrylic plug Silicone plug Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Burgess 2008 18 3.9(2.3) 18 3.5(2.5) —’—o— 0.36[-1.22,1.94]
Favors acrylic plug -4 2 0 2 4 Favors silicone plug
Analysis 6.5. Comparison 6 Acrylic punctal plugs versus
silicone punctal plugs, Outcome 5 Artificial tear use at 11 weeks.
Study or subgroup Acrylic plugs Silicone plugs Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% ClI Fixed, 95% CI
Burgess 2008 18 48(3.7) 18 4.7(3.8) 4F7 0.11[-2.32,2.54]
Favors silicone plugs -4 2 0 2 4 Favors acrylic plugs
Comparison 7. Intracanalicular plugs versus silicone punctal plugs
Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size

pants

1 Symptomatic improvement 1
(long-term)

Mean Difference (IV, Fixed, 95% Cl)

Totals not selected

2 Ocular surface staining 1
(long-term)

Mean Difference (IV, Fixed, 95% Cl)

Totals not selected

Punctal occlusion for dry eye syndrome (Review)
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size

pants
2.1 Rose Bengal 1 Mean Difference (IV, Fixed, 95% Cl) 0.0 [0.0, 0.0]
2.2 Fluorescein 1 Mean Difference (IV, Fixed, 95% Cl) 0.0 [0.0, 0.0]
3 Aqueous tear production 1 Mean Difference (IV, Fixed, 95% Cl)  Totals not selected
(long-term)
3.1 Schirmer test | without 1 Mean Difference (IV, Fixed, 95% Cl) 0.0 (0.0, 0.0]
anesthesia
4 Tear film stability (long-term) 1 Mean Difference (IV, Fixed, 95% Cl)  Totals not selected
5 Artificial tear use (long-term) 1 Mean Difference (IV, Fixed, 95% Cl)  Totals not selected

Analysis 7.1. Comparison 7 Intracanalicular plugs versus silicone
punctal plugs, Outcome 1 Symptomatic improvement (long-term).

Study or subgroup Intracanalicular Silicone Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
Rabensteiner 2013 30 35.4 (20) 27 38.5(25.1) ‘ -3.1[-14.97,8.77]

Favors intracanalicular

-20 10

Analysis 7.2. Comparison 7 Intracanalicular plugs versus silicone
punctal plugs, Outcome 2 Ocular surface staining (long-term).

20

Favors silicone

Study or subgroup Intracanalicular Silicone Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
7.2.1 Rose Bengal
Rabensteiner 2013 30 3.2(1.9) 27 3(1.6) — 0.2[-0.71,1.11]
7.2.2 Fluorescein
Rabensteiner 2013 30 1.1(0.9) 27 0.7 (0.8) — 0.4[-0.04,0.84]
Favors intracanalicular -2 -1 0 1 2 Favorssilicone

Analysis 7.3. Comparison 7 Intracanalicular plugs versus silicone
punctal plugs, Outcome 3 Aqueous tear production (long-term).

Study or subgroup Intracanalicular Silicone Mean Difference Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
7.3.1 Schirmer test | without anesthesia
Rabensteiner 2013 30 6.4 (5.1) 27 7.1(5.5) -0.7[-3.46,2.06)

Favors silicone

Favors intracanalicular
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Analysis 7.4. Comparison 7 Intracanalicular plugs versus
silicone punctal plugs, Outcome 4 Tear film stability (long-term).

Study or subgroup Intracanalicular Silicone Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Rabensteiner 2013 30 4.1(1.6) 27 3.3(L5) ’—o— 0.8[-0,1.6]

Favors intracanalicular -4 -2

0 2 4 Favorssilicone

Analysis 7.5. Comparison 7 Intracanalicular plugs versus
silicone punctal plugs, Outcome 5 Artificial tear use (long-term).

Study or subgroup Intracanalicular Silicone Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Rabensteiner 2013 30 5.1(3.2) 27 6.4 (6.6) } -1.3[-4.04,1.44]
Favors intracanalicular -4 -2 0 2 4 Favors silicone

ADDITIONAL TABLES

Table 1. Comparisons

1. Punctal plugs versus observation.

Lowther 1995 Collagen intracanalicular plugs were inserted in the upperand  Sham treatment
lower puncta
Mansour 2007 Silicone punctal plugs No occlusion

Nava-Castaneda 2003

Collagen plus silicone punctal plugs

Sham treatment

Roberts 2007

Bilateral collagen punctal plugs in the lower lids + cy-
closporine eye drops to both eyes twice daily

Cyclosporine ophthalmic emulsion
0.05%

Slusser 1998

Silicone punctal plugs in the upper and lower puncta

Sham treatment

Yung 2012

Silicone punctal plugs

Observation

2. Punctal plugs versus cyclosporine.

Roberts 2007

Bilateral collagen punctal plugs in the lower lids only

Cyclosporine ophthalmic emulsion
0.05%

3. Punctal plugs versus oral pilocarpine.

Tsifetaki 2003

Collagen punctal plugs

Oral pilocarpine

4. Punctal plugs versus artificial tears.

Feng 2011

Collagen punctal plugs

Artificial tears

Qiu 2012

Acrylic punctal plugs

Artificial tears

Punctal occlusion for dry eye syndrome (Review)
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Table 1. Comparisons (continued)

Qiu 2013 Acrylic punctal plugs

Artificial tears

Tsifetaki 2003 Collagen punctal plugs

Artificial tears

Zhou 2016
tal plug

Thermal Memory hydrophobic acrylic polymer rigid rod punc-

Artificial tears

5. Punctal plugs in the lower puncta versus the upper puncta.

Chen 2010 Collagen punctal plugs in the lower puncta Collagen punctal plugs in the upper
puncta

Farrell 2003 Collagen punctal plugs in the lower puncta Collagen punctal plugs in the lower and
upper puncta

Kaido 2012 Silcone punctal plugs in the lower puncta Silcone punctal plugs in the upper punc-

ta

6. Acrylic punctal plugs versus silicone punctal plugs.

Burgess 2008 Acrylic punctal plugs

Silicone punctal plugs

7. Intracanalicular plugs versus Silicone punctal plugs.

Rabensteiner 2013 Intracanicular

Silicone punctal plugs

8. Collagen punctal plugs versus silicone punctal plugs.

Altan-Yaycioglu 2005 Collagen punctal plugs

Silicone punctal plugs

Brissette 2015 Collagen punctal plugs were inserted in the lower punctum

Silicone punctal plugs were inserted in
the lower punctum

Excluded comparisons

Tsifetaki 2003 Artificial tears

Oral pilocarpine

APPENDICES

Appendix 1. CENTRAL search strategy

#1 MeSH descriptor: [Dry Eye Syndromes] explode all trees

#2 (dry near/2 eye*)

#3 (ocular near/2 dry*)

#4 MeSH descriptor: [Tears] explode all trees

#5 tear”

#6 MeSH descriptor: [Xerophthalmia] explode all trees

#7 xerophthalmi*

#8 MeSH descriptor: [Vitamin A Deficiency] explode all trees

#9 ("vitamin A" near/3 deficien®)

#10 ("avitaminosis a" or retinol deficien* or "hypovitaminosis A")
#11 MeSH descriptor: [Keratoconjunctivitis Sicca] explode all trees
#12 (Keratoconjunctiv* or kerato conjunctivitis)

#13 MeSH descriptor: [Sjogren's Syndrome] explode all trees
#14 ((Sjogren* or Sjoegren*) near/2 (syndrom* or disease*))

Punctal occlusion for dry eye syndrome (Review)
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#15 sicca syndrom*

#16 MeSH descriptor: [Stevens-Johnson Syndrome] explode all trees

#17 (Steven* and Johnson and (syndrom* or disease*))

#18 MeSH descriptor: [Pemphigoid, Benign Mucous Membrane] explode all trees

#19 Benign Muco* Pemphigoid*

#20 (Cicatricial near/2 Pemphigoid*)

#21 blepharoconjunctiviti*

#22 MeSH descriptor: [Meibomian Glands] explode all trees

#23 (meibomian or tarsal)

#24 MeSH descriptor: [Lacrimal Apparatus Diseases] explode all trees

#25 (lacrima* or epiphora)

#26 #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11 or #12 or #13 or #14 or #15 or #16 or #17 or #18 or #19 or #20 or #21
or #22 or #23 or #24 or #25

#27 (occlu* or plug* or cauter*) near/4 (puncta* or punctum* or canalicula* or Intracanalicula* or lacrima*)
#28 (Silicone near/2 plug*) or (Collagen near/2 plug*)

#29 #27 or #28

#30 #26 and #29

Appendix 2. MEDLINE (Ovid) search strategy

1. Randomized Controlled Trial.pt.

2. Controlled Clinical Trial.pt.

3. (randomized or randomised).abti.

4. placebo.abti.

5.drug therapy.fs.

6. randomly.ab.ti.

7. trial.abti.

8. groups.abti.

9.1or2or3or4or5o0r6or7or8

10. exp animals/ not humans.sh.

11.9not 10

12. exp dry eye syndromes/

13. (dry adj2 eye*).tw.

14. (ocular adj2 dry*).tw.

15. exp tears/

16. tear™.tw.

17. exp xerophthalmia/

18. xerophthalmi*.tw.

19. exp vitamin A deficiency/

20. (vitamin A adj3 deficien*).tw.

21. (avitaminosis a or retinol deficien* or hypovitaminosis A).tw.
22. exp keratoconjunctivitis sicca/

23. (Keratoconjunctiv* or kerato conjunctivitis).tw.
24. exp Keratoconjunctivitis/

25. limit 24 to yr="1966 - 1985"

26. exp Sjogren's syndrome/

27. ((Sjogren* or Sjoegren*) adj2 (syndrom* or disease*)).tw.
28. sicca syndrom™*.tw.

29. exp Stevens Johnson syndrome/

30. (Steven* and Johnson and (syndrom* or disease*)).tw.
31. exp Pemphigoid, Benign Mucous Membrane/

32. Benign Muco* Pemphigoid™*.tw.

33. (Cicatricial adj2 Pemphigoid*).tw.

34. blepharoconjunctiviti*.tw.

35. exp meibomian glands/

36. (meibomian or tarsal).tw.

37. exp lacrimal apparatus diseases/

38. (lacrima* or epiphora).tw.

39. 0r/12-23,25-38

40. ((occlu* or plug* or cauter*) adj4 (puncta* or punctum* or canalicula® or Intracanalicula* or lacrima*)).tw.
41. ((Silicone adj2 plug*) or (Collagen adj2 plug*)).tw.
42.400r41
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43.11and 39 and 42

The search filter for trials at the beginning of the MEDLINE strategy is from the published paper by Glanville 2006.

Appendix 3. Embase.com search strategy

#1 'randomized controlled trial'/exp

#2 'randomization'/exp

#3 'double blind procedure'/exp

#4 'single blind procedure'/exp

#5 random*:abti

#6 #1 OR#2 OR#3 OR#4 OR #5

#7 'animal'/exp OR 'animal experiment'/exp

#8 'human'/exp

#9 #7 AND #8

#10 #7 NOT #9

#11 #6 NOT #10

#12 'clinical trial'/exp

#13 (clin* NEAR/3 trial*):ab,ti

#14 ((singl* OR doubl* OR trebl* OR tripl*) NEAR/3 (blind* OR mask*)):ab,ti
#15 'placebo'/exp

#16 placebo*:abti

#17 random™:ab,ti

#18 'experimental design'/exp

#19 'crossover procedure'/exp

#20 'control group'/exp

#21 'latin square design'/exp

#22 #12 OR#13 OR #14 OR #15 OR#16 OR #17 OR #18 OR #19 OR #20 OR #21
#23 #22 NOT #10

#24 #23 NOT #11

#25 'comparative study'/exp

#26 'evaluation'/exp

#27 'prospective study'/exp

#28 control*:ab,ti OR prospectiv*:ab,ti OR volunteer*:abti
#29 #25 OR #26 OR #27 OR #28

#30 #29 NOT #10

#31 #30 NOT (#11 OR #23)

#32 #11 OR #24 OR #31

#33 'dry eye'/exp

#34 (dry NEAR/2 eye*):abti

#35 (ocular NEAR/2 dry*):ab;ti

#36 'lacrimal fluid'/exp

#37 tear*:ab,ti

#38 'xerophthalmia'/exp

#39 xerophthalmi*:ab;ti

#40 'retinol deficiency'/exp

#41 ('vitamin a' NEAR/3 deficien*):abti

#42 'avitaminosis a':ab,ti OR (retinol NEAR/1 deficien*):ab,ti OR 'hypovitaminosis a':ab,ti
#43 'keratoconjunctivitis sicca'/exp

#44 keratoconjunctiv*:ab,ti OR 'kerato conjunctivitis':ab,ti
#45 'sjoegren syndrome'/exp

#46 ((sjogren* OR sjoegren*) NEAR/2 (syndrom* OR disease*)):ab,ti
#47 (sicca NEXT/1 syndrom*):abti

#48 'stevens johnson syndrome'/exp

#49 steven*:ab,ti AND johnson:ab,ti AND (syndrom*:ab,ti OR disease*:ab;ti)
#50 'mucous membrane pemphigoid'/exp

#51 benign AND muco* AND pemphigoid*:ab;ti

#52 (cicatricial NEAR/2 pemphigoid*):ab,ti

#53 blepharoconjunctiviti*:abiti

#54 'meibomian gland'/exp

#55 meibomian:ab,ti OR tarsal:ab,ti

#56 'lacrimal gland disease'/exp
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#57 lacrima™:ab,ti OR epiphora:ab,ti

#58 #33 OR #34 OR #35 OR #36 OR #37 OR #38 OR #39 OR #40 OR #41 OR #42 OR #43 OR #44 OR #45 OR #46 OR #47 OR #48 OR #49 OR #50
OR #51 OR #52 OR #53 OR #54 OR #55 OR #56 OR #57

#59 ((occlu* OR plug* OR cauter*) NEAR/4 (puncta® OR punctum* OR canalicula® OR intracanalicula* OR lacrima*)):abti

#60 (silicone NEAR/2 plug*):ab,ti OR (collagen NEAR/2 plug*):abti

#61 #59 OR #60

#62 #32 AND #58 AND #61

Appendix 4. PubMed search strategy

1. ((randomized controlled trial[pt]) OR (controlled clinical trial[pt]) OR (randomised[tiab] OR randomized[tiab]) OR (placebo[tiab]) OR
(drug therapy[sh]) OR (randomly[tiab]) OR (trial[tiab]) OR (groupsl[tiab])) NOT (animals[mh] NOT humans[mh])
2. (dry[tw] AND eye*[tw]) NOT Medline[sb]

3. (ocular[tw] AND dry*[tw]) NOT Medline[sb]

4, tear*[tw] NOT Medline[sb]

5. xerophthalmi*[tw] NOT Medline[sb]

6. ("vitamin A"[tw] AND deficien*[tw]) NOT Medline[sb]

7. ("avitaminosis a"[tw] OR retinol deficien*[tw] OR "hypovitaminosis A"[tw]) NOT Medline[sb]

8. (Keratoconjunctiv*[tw] OR "kerato conjunctivitis"[tw]) NOT Medline[sb]

9. ((Sjogren*[tw] OR Sjoegren*[tw]) AND (syndrom*[tw] OR disease*[tw])) NOT Medline[sb]

10. sicca syndrom*[tw] NOT Medline[sb]

11. (Steven*[tw] AND Johnson[tw] AND (syndrom*[tw] OR disease*[tw])) NOT Medline[sb]

12. Benign Muco* Pemphigoid*[tw] NOT Medline[sb]

13. (Cicatricial[tw] AND Pemphigoid*[tw]) NOT Medline[sb]

14. blepharoconjunctiviti*[tw] NOT Medline[sb]

15. (Meibomian[tw] OR tarsal[tw]) NOT Medline[sb]

16. (lacrima*[tw] OR epiphora[tw]) NOT Medline[sb]

17.#2 OR#3 OR#4 OR#50R#6 OR#7 OR#8 OR#9 OR#10 OR#11 OR#12 OR#13 OR#14 OR#150R #16

18. ((occlu*[tw] OR plug*[tw] OR cauter*[tw]) AND (puncta*[tw] OR punctum*[tw] OR canalicula*[tw] OR Intracanalicula*[tw] OR
lacrima*[tw])) NOT Medline[sb]

19. ((Silicone[tw] AND plug*[tw]) OR (Collagen[tw] AND plug*[tw])) NOT Medline[sb]

20. #18 OR #19

21. #1 AND #17 AND #20

Appendix 5. LILACS search strategy

((occlu$ OR plug$ OR cauter$) AND (puncta$ OR punctum$ OR canalicula$ OR Intracanalicula$ OR lacrima$)) OR (silicone plug$) OR
(collagen plug$)

Appendix 6. metaRegister of Controlled Trials search strategy

punctal or punctum

Appendix 7. ClinicalTrials. gov search strategy

(punctal OR punctum OR canalicular OR Intracanalicular OR lacrimal) AND (occlusion OR plug OR cautery)
Appendix 8. ICTRP search strategy

Punctal OR punctum OR canalicular OR intracanalicular OR lacrimal

WHAT'S NEW

Date Event Description
16 June 2017 New search has been performed Issue 6,2017: electronic searches updated on 8 December 2016.
16 June 2017 New citation required and conclusions Issue 6,2017: 11 new trials added to the review; one ongoing trial
have changed identified.
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW

Cochrane methodology regarding assessments of the risk of bias in included studies has changed, and the review authors updated the
'Assessment of risk of bias in included studies' section of the Methods to reflect these updated methodological. We also added methods
for assessing the certainty of evidence using the GRADE approach and preparing 'Summary of findings' tables.

Data synthesis: We did not solely base our decision to perform meta-analysis on the |2 statistic; we took statistical, methodological, and
clinical heterogeneity into consideration.

We modified the follow-up time points for our primary and secondary outcomes to two and four weeks. Two and four weeks were
considered the clinically relevant time points for this review because this is when clinicians tend to schedule follow-up visits for dry eye
patients. We also chose these time points because two other systematic reviews (treatment of dry eye with over the counter artifical tears
and treatment of dry eye with autologous serum) on dry eye used these time points when comparing similar dry eye outcomes (Pan 2013;
Pucker 2016).

INDEX TERMS

Medical Subject Headings (MeSH)

*Lacrimal Apparatus; *Punctal Plugs; Dry Eye Syndromes [*therapy]; Randomized Controlled Trials as Topic; Tears; Treatment
Outcome

MeSH check words

Female; Humans; Male
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